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INTRODUCTION 

. 

This is the third quarterly update for 1978 in the Heat D i m  
Technology Bibliographic series. 

This quarter has seen increased activity in all areas. This 
was due primarily to the large number of qaoers presented at 
the TSird International Heat Pipe Conference held in 2alo Alto, 
California, Xay 2 2 - 2 0 ,  1973. Several new ?uSlications are 
included under the category "Gener3l Applications." There 
is considerable activity in heat pipe applications for the 
aerospace industry, and with the need f o r  verification of 
theory, heat pipe tescing and operation a l s o  continues to 
be an zctive area of interest. 

A library containing scme of the articles and ?ublications 
referenced in this bibliographic series has been established 
and the Center will, on a cost-recovery basis, aid readers 
to obtain copies of any cited material. Although a cons id-  
erable effcrt has been nade to insure that the bibliograDhy 
is complete, readers are encouraqec! to bring any omissions 
to the attention of this Center. 

. 
Darryl L. >Toreen 
Editor 
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GUIDE TO USE OF THIS  PUBLICATION 

A number of  f e a t u r e s  have been incorpora ted  t o  h e l p  t h e  r e z d e r  u s e  
this document. They c o n s i s t  o f :  

A TABLE O F  CONTENTS l i s t i n g  genera l  c a t e g o r i e s  of s u b j e c t  c o n t e n t  
and indexes.  More s p e c i f i c  coverage by s u b j e c t  t i t l e /keyword  a d  
a u t h o r  is a v a i l a b l e  through the a p p r o p r i a t e  index.  

CITATION NUMBERS ass iqned  t o  each r e f e r e n c e .  
t h e  p r e f i x  omi t t ed ,  a r e  used in s t ead  of page numbers t o  i d z n t i f y  
r e f e r s n c e s  i n  t h e  v a r i o u s  indexes.  They a r e  a l so  used as  TAC 
i d e n t i f i e r  numbers when dealir .9 w i t h  document o r d e r s ;  so p l e a s e  use  
t h e  e n t i r e  ( p r e f i x  inc luded)  c i t a t i o n  nunber when correspoFZiE9 
w i t h  TAC r ega rz ing  a r e f e r e m e .  An open ended. numbering s y s t e n  
f ac i l i t a t e s  easy  i n c o r p o r a t i o n  of subseqtlent updates  i n t o  t h e  o rqan i -  
z a t i o n  of t h e  material. 
c i t a t i o n s  i n  each ca t egory  w i l l  f o l low d i r e c t l y  t h e  l a s t  ass igned  
numbers i n  t h e  prev ious  pub l i ca t ion .  
l a s t  r e f e r e n c e  on each pace agpears  on t h e  upper r ight-hand co rne r  
of that  page t o  f a c i l i t a t e  quick l o c a t i o n  of a s p e c i f i c  term. 

A ?EFERE>TCZ F0FY-W con ta in ing  t h e  TAC c i t a t i o n  uu?ker ,  t i t l e  of 
r e f e r e n c e ,  a u t h o r ,  c o r p o r a t e  a f f i l i a t i o n ,  rer'ezecce s c x r c e ,  c o n t r a c t  
or  g r a n t  number, a b s t r a c t  and keywords. T h e  r e f e r e r c e  source t e l l s ,  

from a p e r i o d i c a l ,  t h e  r e fe rence  source  c o n t a i n s  t h e  p e r i o d i c a l ' s  
t i t l e ,  volume number, page nunbe= and d a t e .  I f  f o r  a r e p o r t ,  t h e  
r e f e r e n c e  source  c o n t a i n s  t h e  r e p o r t  Ember ass igned  by t h e  i s s u i n g  
agency, nunber of pages and da te .  

These numbers, w i th  

I n  t h i s  system, n m b e r s  ass igned  t o  new 

The c i t a t i o n  number of t h e  

t o  t h e  b e s t  of our  knowfe<qe, where the  r e f e r e m s  came from. ii - -  
s 

- .. - 
An INDEX OF AUTHORS a lphabet ized  by a u t h o r ' s  l a s t  name. 
a u t h o r  is  followed by t h e  r e f e r e n c e ' s  c i t a t i o n  n*mber. 
authors, each au tho r  is l i s t e d  i n  t h e  index.  

A r e f e r e n c e ' s  
For m u l t i p l e  

An INDEX OF PEZWTED TITLSS/KEYYORDS a f f o r d s  zccess  throtrqh major 
words i n  t h e  t i t l e  and through an assigned. se t  of keywords f o r  esch 
c i t a t i o n .  A r e f e r e n c e ' s  t i t l e  is follcwed by t h e  r e f e r e n c e ' s  c i t r -  
t i o n  nunber. I n  t h e  indexes ,  all t h e  words p e r t a i n i n ?  t o  a r e f e r -  
ence  are permuted a l p h a b e t i c a l l y .  Thus, t h e  c i t a t i o n  numjer  for a 
r e f e r e n c e  appears  as many times 1 s  there are  najor t i t l e  wor2s o r  
keywords f o r  t h a t  r e fe rence .  
of an index page. 
t o  a permuted word. 
o n l y  one l i n e  p e r  
ends of a t i t l e  o r  se t  of keywords r a y  be c u t  o f f ;  o r ,  i f  space 
p e r m i t s ,  i t  w i l l  be conzizued a t  =:?e c??OSi=s s i d e  of t h e  pace u n z i l  
it runs Sack i n t o  i t s e l f .  
of keywords w h i l e  a / i r d i c a t e s  w h e r e  a t i t l e  o r  set of keywords 
h a s  been c u t  o f f  w i t h i n  a l i n e .  

T h e  p r m c t e d  words run down t h a  ceztsr  
The rest  of the  t i t l e  o r  keywords a?pear a d j a c e n t  

S ince  a t i t l e  or s e t  or' keywords is ailowed 
permuted word t h e  bec inning ,  t h e  end, o r  both  - 

X 4 inc!ic=tes t h e  end of a t i t l e  o r  set 

V i  
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I GENERAL Ii4FORfNION, REVIEWS, SURVEYS 

8878 10009  INTEXtXTSONXL SEAT PIPE CONFEXNCE, 3ZD, 3.UO ALTO, rCA, May 22-24, 1978, 

4 4 4  p., 1978, Con€. spons.  by XrIiw, Inc. ,  N e w   YO:^, Ny 
Avail  : A U A  

cons ide red  a long  wits a v a r i a b i e  conductance heat  p i 3 e  Eor t e r r o s t z i a l  a ; p l i c a t i o n s ,  
e q e r i n e n t s  w i th  qrav:tg-assisted h e a t  p i ? e s  vrth and wi thou t  ci=c*;qferential qrooves,  <?e 
supe r son ic  flow of vapor i n  t.%e c c n a e n s a t i o n  zone of hiqh Z a T e r a t u r e  hea: p r?es ,  
numerical  c a l c u l a t i o n s  on the  vapor flow i n  a flat-?lr:= :le== ?i?e w i L 7  as-p-Tetzical 
boundary condi*-ons, en tza inmen t  l ixits i n  hea: p i p e s ,  t S e  8:;r-aut liziit-s sf g r a v i t y  
assist h e a t  p i ? e s  w i t h  c a p i l l a r f  f low,  t h e  s e z f o m a n c e  e v a l u a t i o n  of g r a v i v y - a s s i s t e d  
copper-water h e a t  p i a e s  wits l i q u i d  o v e r f i i l ,  and e n e r q i a g  h e i t  p i p e  a p p l i c a t i o n s .  
A t t e n t i o n  is also given t o  h e a t  2i;e .zirrors fc r  hiGh ?owe= lasers. a socilzn vaso r  he== 
p i p e  laser c e l l ,  t e c h n i c a l  a p p l i c a t i o n s  of hea t  p i p e s  i n  t h e  l o w  and h i g h - c e i p e r a t u r e  
range,  c o m p a t i b i l i t y  tests of v a r i o u s  h e a t  sipe working f l u i l s  and s t r u c t u r a l  m a t e r i a l s  
a t  d i f f e r e n t  teaaezaixLzes, a gas -con tzo l l ed  t h e m o s t a t ,  t h e  i n v e s t i g a t i o n  of a c r y o g e s i c  
L3ermal d iode ,  t h e  r s1 i ab i l i : y  o f  low-cost licuid neta l  h e a t  p i p e s ,  and a thermal  c a n i s t e r  
e q e r i n e n r  for Lye space  s h u t t l e .  

Tec2n ica l  Tapers ,  ?le-lbers, $ 4 5 ;  Nocmenrbers, 550  

The developnent  of an a-xially grooved h e a t  p i ? e  wit!! nonconstant  groove vicitS is 

BP78 10010 3Ro INTZ-3NATIONAL HEAT PIPS CONF;.SEXCS, >EST%CZS OF 2.9FE2S 

8 p. ,  ,clay 2 2 - 2 4 ,  1978, Palo Alto, CX 
Ava i l  :TXC 

I n t e r n a t i o n a l  ?!eat P i ? e  C m f n z t n c e  are ?resented i n  t h i s  s*ararf. TSe su3;ects covered 
i n c l u d e  h e a t  p i p e  ?erfom.ance l i m s t s  , t e r z e s = r i a l  a p p l i c a t i o n s  , evapoza t i cn  and 
condensa t ion ,  gas-loadec’, b e a t  ?Leos, c r i o g e a i c  h e a t  pL?es, space a p p l z c a t l o c s ,  coo1ir.g of 
electzical  ccnponencs,  and l i q u d  metal h e a t  ? i p e s .  

The abstracts o f  L!e a a g e r s  p r e s e n t e d  du r ing  tSe 1 3  s e s s i o n s  o f  t S i s  3rd a u a l  

16 p., .Xay 24-26, 1978, Palo Alto,  CX 
Avail :TXc 

ASME T h e n o p h y s i c s  and Seat T r a n s f e r  Conference a r e  ? r e s e n t e d  i n  tSis surrnary. 
range of s l r b j e c t s  is covered, i n c l u d i n g  h e a t  D:pes. 

The  abstracts of the papers  p r e s e n t e d  du r ing  t h e  2 1  s e s s i o n s  of tS is  2nd Aniiual A L I A /  
A broad  

a. . 
HT78 19017 HZAT PI?S: A ?JEW TECXNOLOGi COA%S OF XGZ 

Ranken, W.X., W S L ,  Los Alamos, NM, E n e r q ,  S t a n f o r d ,  CT, V 2:29-30, X 4 ,  2 refs, Fall 1977.  

from a h e a t  s o u r c e  t o  a, h e a t - u t i i i z i a g  zetiium by means of an evapora:ion-ccndensat~os 
cycle. Concensed Liquid is rec-xzzed :a Lie ;teat souzco ( t k e  h e a t  ?i?e ev2;orazor) b y  a 
s e l f - c o n t a i n e d  ?~z~p:ng sechanisrn. 
t h e m a l  cond-ctsace zore =ban t e n  thousard t izes  gre-rer zhan cgpper.  3eat  p i a e s  can be 
c o n s t r u c t e d  t o  s e r v e  such ?L?c=ions a s  p r e c i s i o n  t e n p e r a t x r e  c o x z o i ,  one-way :rsnsiussion 
of h e a t  ( t h e r x a l  d i o d e ) ,  and h e a t  f1.u a m e i i f i c a t i o n  o r  d i x i a u z i c n .  TSe workin5 flu;ds 
t h a t  can  be used zo rchreve t k e s e  e f f e c z s  range frzm l i q u i d  kydrcgen f o r  z q - o c e n i c  
t e m p e r a t z r e s  t o  s i l v e r  2nd copper a t  very  h i g h  tem=erz=xres .  Xpgroxrzacely 7 5  ae rcenc  of  
L5e CUrzent market for heat ? r ? e  e n e r F  recovery ,t?its I s  f=r 3V.X sgszezis 2 2 ~  S u i l Q i z q s  
where t h e i r  u se  s u j s t a n z i a l l y  r ecucos  f x e l  requi=e3en=s for h e a t i n c  i n  x i n t e r  &.TU reduces 
*we= r e q u i r e z e n t s  f o r  a i =  condi:ioniag du-lzq suiu.er. The remining 25 ? e r c e n t  of LTe 
market  l i e s  i n  ip.dus;xral 7 r c c a s s i n q  app1;cit:an. In  a c d l c i o n  =3 :heir :=le in enerqy 
c o n s e r z a t i o n ,  sea: piaes appea r  pr2,mising for tSe ? r i z a r y  c ; z s i f i e r  u n i t  !net!!aiiator) i n  
coal g a s i f i c a t i o n .  ?>is proposed a p p l i c a t i o n  is c o n s i d e r e a  ir. some &tali .  

The d e v i c e  m k e s  use of a v o r k i n g  f l u i c  whose l azen t  h e a t  of e v a ? o r a t i o n  is transfe:rsd 

Sea= p i p e s  have besn cons=zcc=ed x i t S  an * q u i v a l s s t  

1 
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~ p 7 8  13015 3 ~ ~ 7  PIPES, TOOL.= 3, A i r 2 1  1977-Narch 1978, ( C i t a t i o n s  From t!!e Engng. Daca 
Base) 

Reed, X. ,  Rept. v 1, 1970-72, ! 3 Z 3 / ? 5 - 7 6 / 0 2 5 0  223 2.. 1978 
Avail :NTIS 

h e a t  p i p e s  are c i t e d  f z o s  w s z l 5 r L d t  i i t e r a t u r e .  App l i ca t ions  a r e  d e s c r i b e d  i n  the areas 
of e l e c t r o n i c s  c c a l i s g ,  s-,sceczaf= =-.erz.al ccntrol, hea+ exchacce ra ,  heatinq and 
r e f r i g e r a t - o n ,  scd waste  kea: J=r l i zac ion .  (Thio sedated S~SL50grapny- c o n t a i n s  216 
abstracts, none of which aze zed e z t t f e s  t o  t!e Brevious e d i t i o n . )  

Reseaxch r epozzs  c o v e r i i q  ?:?e 'I;-.e=odynamics , des ign ,  f a b r i c a t i o n ,  and a p p l i c a t i o n s  of 

. 

2 
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11. HWT PIPE APPLICATIONS 

HP78 20007 XOYEL H'dT PI?S COMBINATION 

X r c e l l a ,  F.G., US P a t e n t  no. 4,367,237, :an. 1 0 ,  1978 

p i p e s  are combine6 i n  opcosing ze l ac ionsh i?  t o  f o r a  an i n t e g r a l  unit such t h a t  f7.e t e n p e r a t u s ,  
h e a t  flaw, t a e r n a i  c h a r a c t a r i s t i c s  , an2 t e n p e r a t a r e - r e l a t e d  ?a rane te=s  of a noni torcd 
environment o r  o b j e c t  exposed to one end. of t h e  neat ?i?e combination can be seasu re6  and 
c o n t r o l l e d  by c o n t r o l l i n g  t!!e h e a t  f l o w  of =he oppos i t e  end of the h e a t  ? i g e  combination. 

The b a s i c  h e a t  ? i p e  p r i n c i g l e  i s  ezi?loyec i n  a h e a t  ? i p e  combination wherein txo h e a t  

Sasuilis ,  X.,  P o d l l e r ,  D.J., (Hughes A i r c r a f t  Co., Torrance,  C A I ,  3rd I n t .  Beat Pipe Conf. 
Tech. PaGezs, 9. 59-62, Xay 22-23, 1978, P a l o  Alto, CA, X:xX, Inc . ,  Xew York, XY, A78-35585 
Avai l  :xI;\X 

The a r t i c l e  d i s c u s s e s  &be a p p l i c a t i o n  of heat F iges  i n  va r ious  i n d u s t r i a l ,  mi ' i tary,  
and space 2 r o j e c t s .  Seve ra l  t ypes  of h e a t  2zpes a s  d e s c r i b e d ,  i n c l u d i n g  sizple c y l i n d r i c a i  
n e a t  p i a e s ,  switching h e a t  a i p e s ,  t h e r m 1  d iodes ,  v a r i a b l e  conductance h e a t  pises,  and vapor 
'hambers. P o t e s t i a l  f u t u r e  a a p l i c a t i o n s  of h e a t  ? i ? e s  are i d e n t i f i e d  i n  <?e f i e l d s  of 
: Lec t ron ic s ,  s p a c e c z a f t  t k e r s a l  c o n t r o l ,  h e a t  pipe recovery systems, ana f iss i le  a p p l i c a t i o n s .  

I Pi8 20009 TSCHXICXL AP?LS=CXTIONS OF 9EAT PIPES 

3rost , O., Groll ,  Irl., :4uenzel, N.D. , ( S b ~ t t q a r t  Z n i v e r s i t a e t  , S t - J t t g a r t ,  :i. Gemany) , 3rd 
I n t .  3eat ? i ? e  Conf. Tach. I r g e r s ,  ?. 80-37, Xay 22-24, 1973, Pa lo  Alto, C A ,  X:.M, Lnc., Y e w  
York, X Y ,  A78-35599 
Xvai1:XI-M 

commercial a 5 3 i i c a t i c n s .  The l o w - t e x p e r a t x e  app l i cac ions  =om?rise hiqh-?erforrnan=e f i x e d  
conductance and. v a r i a b i e  conductLqce h e a t  ?izes, and h e a t  ?rge diodes f o r  s p a c e c z a f t  CTernal 
c o n t r o l ;  g r a v i t y - a s s i s t e d  h e a t  ? i p e s  for a l a s t i c  f i b e r  2 rocess ing ;  h e a t  p ipes  fcr c o o l i n g , o f  
e lectr ic  n o t o r s  and high-power s e e - c o n 0 u c t o r  devices:  axia: qroove h e a r  g i ? e s  f o r  ssasta zest 
:ecovery units. TSe h i q n - t e m e r a t u r e  a p p l i c a t i o n s  comprise annu la r  a l k a l i - a e c a i  hea t  ? i p e s  
as i s o t h e m a l  i n s e r t s  for t u b u l a r  fu rnaces ,  a s  black-body r a d i a t a r s ,  and PS s y r o l y s i s -  
c i e a n i n g  f u r n a c e s ;  h e a t  p i p e  h e a t  t ransgor t  system for S t i r l i n g  s z g i n e s .  - 

Heat ?i?es have been d e v e l o a e i  to prototype axd se r i e s -p roduc t ion  l e v e l  for var ious  

,a> . 
XP?8 20010 SEAT T2AXSWR DEVICE 

S r O S t ,  O . ,  Schube r t ,  ?., G r o l l ,  X., Zime-zmzn, P., Grman (FBG) ?a t%= 2,330,980, X ? r i l  1 7 ,  
1975, I n  Geman 

?he i n v e n t i o n  c?eals v i t h  an improvement of t h e  h e a t  t r a n s f e r  dev ice  known as "hea t  
tube" where, LndeTenEent 0: tSe e i r e c t i o n  o f  =he % ? E t  f lux ,  -.*e:? exac t  s cab i l i zF r .g  sf tile 
oFera t iona1  t e ige ra=a=a  is ? o s s i S l e .  I t  i s  cro?ose? =ha t  a connectizr;  siFe o r i q i n a t i x q  i n  . 
t h e  gas  r e se r - r c i=  Gasses through t h e  chapber and is ?rovided with openixqs i n  t h e  rznqe of 
the c o o l i n g  h e a t i x g  zone. This  c o n n e c t i i g  giae ar.d t he  g a s  r a s a r v o i r  have c a p i l i a r ?  

XdvantageousLy , the  cannect ing a i p e  is a d d i t i o n a l l y  enc losed  by a j a c k e t .  
& -. c -~c tu res  along t h e i z  i.v.er .dalls irhich are ccnnected wi:h each o t h e r  and with :he chamber. 

3 2 3  2 n O l l  THE . U S O L L i E  P'IOTOABSO?JTION CXCSS-SECTION O F  .ATOMIC SODiZW IX THE X G i O N  ABOLT 
7 -  h.9; 2P TIIXSXCLD (45-250 ZV) 

Cadlinc,  X., Zantley, J.X., West, J.Q., 
%land),  z .  ?hys. 3., v 10:2797-2a07, 1977  

80 a b s t r a c t  a v a i l a b l e  

(Z.2. ?Sonason ?hys.. Lab. Univ. of Peadinq, l e a d i n q ,  
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2P79 20012 P9SVEX'XOE; OF P?.SFESXTI.AL BRIDGE ICIXG USING 2EAT ?IPES, E:cecutive S-mmary, Xug. 
I 1375-Sept. 1976 

F e r r a r s ,  A . ,  Yenetchi ,  G. ,  (Gr-Yaman derosgace  Cor?., Je thpaqe ,  XY) , Sep t .  1376 

i n v e s t i q a t e  Lie u s e  of S e a t  p ipes  and renewable ezerc-; ~ o u c e s  ( s p e c i f i c a l L y  s a r t h  h e a t )  t o  
avoid t h e  2refe:ential 5zeezir.q cf highway br idge  l ecks .  3ased on c m p u t e r  s i i u l 2 t i o n s  of 
t y p i c a l  g r e f e r e - t i a l  i c i n q  evez t s  (.'a.js), a sinole-systern des iqn  is :ecomended f o r  XIS: ;S 
l o c a t i o n s .  This  Zesiqn consis:s 3 2  n o f i n a l  0 . 3 - i . 7  n e a t  g i s e s  a t  t ke  s l a b  mic-?lane, on 2 3 -  
cn centers, connec=e= co norainai two-rn hea t  p ipes  i n  ::?e qrouna v i a  a pu:,ped f l u i d  loop ,  
n i t??  one rn of e a r t i  h e a t  ?i?e proviCec! f o r  every  3.3 x2 o f  orrCge deck. 
a rov ides  prs l i -z izary a s s e s s z e n t  of Lie d e s i v  r squizenents  and c o s t s  of an a i t e r z a t a  s o i a r  
c o l l e c t o r  des ign .  it c m c l u d e s  Liat Lie solar c o l l e c t o r  ces ign  3a)r o f f e r  economic advantages 
ovez t h e  e a r t h  h e a t  2 i s e  system, m d  t h u s  should be i n v e s t i g a t e 0  f u r t h e r .  

Th i s  repo r t  lescri5es t!x! r e s u l t s  of  a 27-3onccth m a l y t i c a l  and t e s t  proqram t o  

The ra?ort  ais0 

2078 20014 Xi i:?VESTZGATION OF E L E C ? R O H Y D R C D Y C  2EXT ?I?SS 

Loehrke, X . I . ,  (Dept. Yech. Engng., Colorado S t a t e  Univ., ? o r t  C o l l i n s ,  C O ) ,  S c i .  Tech. Xerosp. 
?.e?+. V 15:51, N l j ,  1977, .Uastzact no. X77-22422 

NO abstract available 

Xar ine t ,  J . ,  (Univ. de ? o i t i e r s ,  P o i t i e r s ,  France), Xev. e.?. Them.,  V 16:863-380, 3192, 6 
r e f s ,  Dec. 1977, In French wit:? Znql i sh  a b s t r a c z  

The p r a c z i c a l  a sgec t s  of h e a t  p i2es  for cons tzuc t ion  of seat  exchanqers are reviewed. 

.--- m a  ~ ~ 0 1 6  DE*ELW.IEST OF .LU OSXOTX SEAT P I P ~  

Yinnincj, C.?., B i a n t s ,  T .X . ,  Pleis,i?l=.r~, G.L., (Xughes XircraZt  Co., Z l e c t r o  g p t i c a l  2nd. Zats 
S p t e r s  Grsup, C d l v e r  Ci=y ,  CA) , (Snghes '  A i r c r a f t  Cs., Eiac t ron  Dynamics 3 i * r . ,  Torrance,  C A I ,  
3 r l  I n t .  Xeat ? i ?e  Conf. Tech. Tapers, ?. 327-334, Yay 22-21, 1973, X I S ,  Y e w  York, !E 
Xva i 1 : X i X A  

nembrane, i n s t e a d  of a c a p i L l a q  wick, is used t o  ?m? l i q u i d  f r o m  Lie c o n d e x e r  t o  =he 
evapora to r .  S a s i c  pe r fomance  Cbaraczer iscLcs,  ne.mrane n a t e r i a l s ,  and some probism x s a s  I n  
:he des iqn  or' t h e s e  new dev ices  a r e  desc r ibed  i n  d e t a i l .  .An n.Terir .er. tai  appara txs  has Seen 
Zesigned and b u i l t  t o  measure s o l v e n t  p e r n e s t i o n  r a t e s ,  as rell  a s  memkrane seni-?erzr .eabi l i r I .  
Tes t  r a s u l t s .  are ? re sen ted  fo r  two membrane samples us ing  an aqueous suc rose  s o l u t i o n .  

The osinot ic  ;?eat pi?e  c?iffers from a convent ional  h e t t  p i l e  i n  t h a t  a sexi-serzieable  

- 
Xenecsk, Z.J., Si.mons, D.s., CSuSb, T.x., ( E . O .  i iulburt  Centzr  f o r  Spacs aes. ,  xaval X e s .  
Lab., Xashinqtcn.  D.z.), S o l a r  Snerqy, v 20:213-217, Y3, 3 refs, 1978 

Seat -of - fus ion  enerqy s t o r a c e  and on-2enar.d t t e a n  are obta ined  usin? h e a t  g ipe  
techniques  t o  t z a n s f s r  ?eat to and from stacked. s a l t  cans and onto b o i l e r  t3a52s with a sealsd 
"enercy s t o r a g e  baile:" tank .  

. 
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EP78 29020 ENERGY STOiUCZ M D  TRXUSLYISSION 3 Y  CEE.XIC.%L HEXT PXTE 

V a k i l ,  X.B., (G Co., Schenectady, . T I ,  1977 

e n e r g  by t h e  use of  r e v e r s i b l e  exothermic/endothe-qic chemical r e a c t i o n s .  I t  embraces 
t h r e e  sajor a r e a s  of  energy nanagelnent: e n e r z  t:ansmission, s t o r a g e ,  and. conse rva t ion .  
The inpor t ancs  of 'riese t h r e e  a r e a s  s tems  from :he p r o j e c t e d  shor t aqes  of p r i m e  f o s s i l  
f u e l s ,  the desire to s - u b s t i t z t e  o i l  and. gas bg coal and. nuc laa r  energy,  and tke necessi:y 
of n i n i a i z i n g  f o r e i 5 n  Oil i z p o r z s  r t q 5 r e . 6  t o  sake up t h e  er?e:q C e f i c i t .  The scbeme i s  
examined i n  e e t a i l  with anpnas i s  on tne  C.34 + H20 Z C3 i 3ii2 an6 c& + 3Ii2 : c@12 
r c a c t i c n s .  

A chemical h e a t  p i p e  (C9P) is a concept o f  t:ansporting and s t o r i n g  hiqh grade t h e r z a l  

H078 20021 BEAT ? I ? f S  AND TSEIR US2 I S  'ECSXOLOGY 

Vasi lyev,  L. , (XASX, Washington, D.C.) , Inzh. F i z .  Zh., USSR, V 31:305-307, > I S ,  Xov. 1376, 
S78-1S35 7/1SL 

E e a t  ? i p * s  ztay be employed as t empera tx re  r e g u l a t o r s ,  k e a t  <lo&es, t:ansfor?.ers, 
s t o r a g e  b a t t e r i e s ,  o r  u t i l i z e d  fo r  t r a n s f o r x i z g  t?ie:zal energ? i n t 3  n e c h a n i c a l ,  eltc=:ic, 
or othcr  5orr.s of  enerqy.  a n e r a 1  conce?ts  weze e s t a b l i s h e c  f a r  t h e  a 5 a l y s i s  of =.4e 
t r a n s f a r  j r o c e s s  i n  :?eat ?i?es. A sysztn  of eqca t ions  iias ceve l spea  ta Cescribe t h e  
thexzocynanics  of steam passage through a t:oss-sec=ion of a h e a t  s iae .  

BPT9 21013 LOW-COST SATELLITE ZXERC'L 

D r m n d ,  J.Z., (Hamell L a b s . ,  I n c . ,  San Dieao, CX) , ? roc .  of 12th f n t z r s o c .  Sner?y 
Conversion Engng. Csnf . ,  'J 2 ,  1 9 7 7 ,  Am. Nucl t a r  SOC., I n c . ,  La Grange ?ark, I; 

probably i o n o s a h e r i c  daniage and Siuh c o s t  encouraged t h e  d e r i v a t i o n  and aow t h e  

Zesigned t o  ;nini.aize t h e  l i n t i t a t i o n s  while avoidin? c r e a t i o n  of cow&-able new l i , a i t a t i o n s .  
The p rev ious ly  groposed i s o - i n s o l a t i o n  power s a t e l l i + s  (LJS 1 system would , mong  oche r  
t h i n g s  , e1i;ninate l o c a l i z e d  ennancenent of e l e c t r o n  Zensi ty  i n  t h e  ionos?her= a:ising 
from and def1ectir.g niczowave t ransiniss ion k o a  - y w e r  s a t e l l i t e s ,  i n t roduce  a new 
s a t e l l i t e  50,- which appears  t3 be an izprovenent on c t l r r en t  2 e s i q s .  s i g n i f i c a n t l y  
reCuce 7ower ccinverter xass tkzough u t i l i z a t i o n  of a ferroe1ect:ic h e a t  eng ine ,  and 
greatLy :educe the s i z e  ana weignr. o f  b o t h  %he t ransmit=inq and r e c e i v i n g  m..ten.las due to 
t he  much s h o r t s :  ~Li'crowave l i lzk.  I t  appears  t k a t  a r s l a t i v e l y  s i . r~ l e  d e r i v a c i v e  of the 
s?ace s n u c t l s  c o a l d  be used co implenent t k e  11s system, ana :hat, ance inplemented, such 
a system could ?rovide ?ewer c sn t inuous ly .  worldwide a t  a csst  s i g n i f i c a n t l y  lower tAan 
f o e s i i  or n u c i e a r  power. A condicion on t h e  s y s t e n ' s  economy is  t h a t  it mast have load . 
cents:s d.ist:;buteP thzouqhout the world including t h e  oceans wners hydrogen could be 
prcducec for r r i G t i 1 e  v e h i c l e  uss. 

The a o t e n t i a l  advantages of proposed geos t a t iona r - sowe :  s a t e l l i t e s  f r , J s t = a t t d  by 

. op t imiza t ion  of a modified s a t e l l i t e  ?owet sys t en  a s i n g  lower,  sun-synchronous o r t i i t s  

- 

H078 2 1 0 1 1  S T A C  S D I X I  .1OhER STATIOSS 

Vanke, V.A., i opukh in ,  V . X . ,  Savvin,  V.  , (Xoskovskii Gosuda=stvennyl U n i v e r s i t e t ,  >loscow, 
L'SSR) , Usgekki Fizic%eski!<h Y a k ,  V 123:633-535, 5ec. 1377, I n  3uss i an ,  X 7 8 - 2 7 4 4 2  

Geosynchronous o r S i t ,  vhizh w o u l i  conver t  solar enemy ixto a l e c t r i c  sower and t r ansmi t  i t  
ta e a z t h  by *crSwace. aasi ;  schenes f o r  SCCS a systam a r e  ? re sen ted ,  acanomic e s t i m a t e s  
a r e  made, and t h e  2 rosgec t s  for t eve lop ing  o r b i t i n g  s o l a r  Bower s t a t i o n s  are i i s c u s s e d .  

The pa?er sur-:eys ',ie c a r e n c  statas of  scudies  on so la r  ?owes s c a t i o n s  in  

3 



, 

The o b j e c t i v e  of t h i s  vorkshop was :o develos s g e c i f i c  i d e a s  for r a s e a r c h ,  d=velopnent 
and denons t r a t ion  r e l a t i n c  t o  t h e  a t i l l z a t i o n  o f  f l u i d  waste s=reams i n  t h e  tem?erature 
range o f  L O O o  t o  ZOO0 F, which .are  g e n e r ~ t e d  by i n d u s t r i a l  j r o c e s s e s .  The p a r , i c i p a n t s  
were i n d u s t r i a i  eng inee r s  , execc t ives  , and r e sea rche r s  snovledge&le of  t h e  =he,Tod.fna,nic 
processes  wi th in  tSei= va:ious sectors . Jcininq t i e3  -&ere t ac~hno log i s=s  s ? e c i a l i z i n g  i n  
conce?ts which could be  s t i l i z e d  ,Cor f l u i d  was ts  hea t  augmentation. These  a r e a s  of 

techniques .  Sirrety- t h r e e  s g e c i f i c  reseszch  k?d deveio?ment i l e a s  wsre f o n n l a t e d  by tSe 
p a r t i c i a a n t s .  Zach 02 t hese  ? ro j ec=s  was eva lua ted  5 y  the groups i n  te-ms of energy 
censer-ation a o t e n t i a i ,  t i n e  and mney  r equ i r ed  f o r  21363, and ?robability of  
implementation. 
conta ined  i n  the firial appendix. 

1 

I e q e r t i s e  inc luded  h e a t  nxcnangers, heac pumps, heat ?i?es, and s o l a r  u t i l i z a t i o n  

A d e s c r i p c l o n  of t k e  reco-ndations gene ra t e6  du r ing  Lie workshop is 

9379 22939 ENERGY STO.SAE: USEX NZZEDS XYD TECXNOLOGY APPLICATIONS, COW.  P~OC., 1976 

Anon., User Needs and Tech. Xppl. Conf. Proc. ,  P a c i f i c  Grave, CA, 4 2 4  ?., Feb. 8-13, 1 9 7 6 ,  
Tech. Info.  Cen te r ,  O a k  Ridge, TN, CONF-760212, ?bl. zRnA, 1977 
Avai1:NTIS 

Proceedings inc lude  21 ?ape:s on indus t r i a l .  nesda far e n e r g  s t o r a g e  and t h e  
develogment of new ener?y  s t o r a g e  technologias .  
s t o r a g e  i o r  eccnorzca l  l oad  sanagenent by +lect=:c u t i l i t r e s ,  o? t imiza t ion  of e n e z q  
s t o r a g e  f a c i l i t i e s  of s l a c z z i c  ?owe= syscens, f i a a n c i a l  b a r z i e r s  t o  t h e  wicees-,rsrc 
i n t r o d u c t i o n  of r s s i a e n t i a l - t g p e  energy-saving heatin: and coo l ing  equipment. Lie n t z i t u d e  
of env i ronmen ta l i s t s  toward saer-;.? s t o r a q e ,  :he acvantaqes and j o c e n t i a l  of b a t t e r i e s  f3r 
energy s t o r a g e ,  a p rogres s  r e p o r t  on t h e  use o f  hydrocen f o r  enerqy s t o r a c e  by  eisctzic 
u t i l i t i e s ,  energy s toraCe and t r ansmiss ion  by chemical heac ? i p e s ,  s u r f a c e  and underr;rcund 
jumped-hydr? s t o r a q e  ar.d c m n r e s s e d - a i r  s t o r a g e  systems, :hemal  enerqy scorage i n  ?base  

i a g n e t i c  e n e r g  s t o r a g e  s y s t e m .  

.Lzong t!!e t o g i c s  d iscussed  a r e  ener3y 

I change n a t e r i a l s  and i n  r e v e r s i b l e  chen ica l  r eac t rons  , and f1Tdneei and supezzonducting 

I 
U?19 2 2 0 2  b L ?  3titXET !.lAiLY fV 

Anon., (Xann-Xussel S l s c + r o n i c s ,  Inc.  I 
A s-an-tzackizg solar c o l l e c t o r  asiscj Si - so la r  ce l l  power sugply is  6escritecl. 

HP78 2 2 0 4 3 .  RSS-dX3 A??LiZD TO S O U R - T E I E R !  POWER SYSTZXS 

(.Ximerota L'niv., YiniieaOoiis , .W) , (Honeydell ,  1r.C. , YAnneapolis, , 1974  

c o l l e c t o r s ,  r e f l e c t o r  lrfs tes ts ,  S e a t  -Ji?es, solar absa roe r  c a a t i n q s ,  cost a n a l y s i s  cf 
tzansfe:  loop s y s t e r s ,  coo1dovn of absorber  t&es, L i e d  conduc+rvitg of  m s c l a c r c n ,  2nd 
Liermai s t o r a q e .  

- 
Photoqraghs,  d i a g r t ~ ,  tables, an6 gragns are ? re sen tad  on varzous a s p e c t s  or' saLar -, 

. 
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concerns t h e  * h e m a l  per fornance  of t h e  g lazed  solar heated  mason:? w a l l s  (T rome  wall) i n  
an expet imenta l  6weweilizg a t  Oce i l lo .  A subsystem r e p o r t  cover ing  the ser fc rmante  sf a 
r e f l e c t i n g  h o r i z o n t a l  c o l l e c t o r  is  ? re sen ted  by Greece. Sweden summarizes Lte per forsance  
o r  p r o j e c t e d  ?erfor=.,ance of t h r e e  dwe l l ings .  The United States s u m a r y  covers t h e  
pe r fomance  of  seven systems, i nc luc ing  two solar heated  s c h o o l s ,  one s o l a r  heated and 
cooled school ,  a s o l a r  neaced and cooled residence,  a c m b i n e d  solar hea t inq  and beat psmp 
r e s i d e n t i a l  system. an apartnenc: domestic h o t  ware= system, and a 1arr;e shallow s o l a r  ?and 
f o r  sugp1ying i n d u s t r i a l  ? roc=ss  hot  water.  T ro jec t s  f o r  which s p e c i a l  format r e p o r t s  
uiil be pregared  dur ing  1977 arP- revrewed. 

-. 

HP78 22044 X dFE2?uiCUSE SO= DISTILLXTION UNIT C3rXBIYED WITH BEAT FITSS (USSTEADY-STATE 
C O N D I T I O N S )  

aaizamov, R.S.,  T o i l i e v ,  K., Fzkhacnr,etdur&yeva, Q., i n t .  Chem. Sngnq., V 13:434-456, S3, 
Zulu 3975 

Yo a b s t z a c t  a v a i l z b l e  

HP78 2 2 0 4 5  HEAT 2ITES I N  FLAT-.?LATS S O M  COLLECTORS 

Bienez t ,  X.9., Wolf, D.X., (ASME, S e h r  Znezqy Div.) , ? resen ted  a t  Xinter Annual ?It?. O f  
zS.XE, Xew 'fork. NY,  11 ?., Dec. 5, i976 

No a b s t z a c t  a v a i l a b l e  

a ~ 7 a  22046 .APPL;CXTICX OF CRE.XICU. ,QGIXEE~RXXG TO WRGZ SCXLZ SOLAR ENERGY 

Chubb, T . ,  Xemecek, J .J . ,  Simons, D.E.. (E.O. a s lbe r t  Centez Cor Space X e s . ,  Xaval  R e s .  
Lab., Washington, D.C.), Solar Ererqy, V 20:219-224, N3, 5 r e f s ,  1978 

I n  t h e  Solczern concept ,  s u n l r q n t  LS converted to chemical energy m d i sbur sed  s o l a r  
furnaces .  Products  are piaed t o  a c e n t z a l  s t a t i o n  wnere energy r s  s t a r e d  as l a t e n t  hea t -  
oL-5asion rn a e u t e c t r c  s a l t .  Heat pr?e bor1e:s provide on-Cenand ?ewer ? l a n t  szban. 

XP78 22047 DEVZLCP.XEXT OF A ?.USIVZ HEATING .LUD COOLIXG SYSTE:4 LTSIXG .A PUVPE3 HZAZ ?'ZPE, 
Firs':  Q u a r t e r l y  Technica l  Progress  aeporz,  Sept .  6-Nov. 30 ,  1977 

3iec.kiiann, J.?. , (Foster-*iller X s s o c . ,  Xnc., Waltham, YA) , 9ec. 1977 
Avai l  : ST13 

efrorts ex?ended on eacn task a r e  d i scussed  b r i e f l y .  
The t e c h n i c a l  s r o g r e s s  i n  the 2rogram versus schedule  and budget is summarized. The 

. - .. 

3 r m o n d ,  J . ,   axwe well Labs., I n c . ,  San Dkego, C V ,  ?:oc. of L 2 t b  I n t e r s o c .  Ene:gy 
Cmvers ion  Encpg. Conf., v 2, L377, -2nezican Nuclear Sociecg ,  Inc . ,  L a  Grange ? a r k ,  I L  

The l a r g e  zhe rxa i  energy f l u x e s  iinictr can be c s r r i s d  by h e a t  ?i?es make i o s s i b l e  a 
t!!emal-co-elec==ical ?ow=: conve-e-er of compact des ign .  3ce s u c h  s y s t e m  w n i c h  has Seen 
designed .~oulc!  c o n s i s t  of 22 s t a c e s  of f s r z o e l e c t z i c  hea t  enq izes ,  each emDloyinq n e a r l y - .  
C d r n o t  c y c l e s  and 23 in t e rvenrng  e l e c t r i c a l l y  ac tua ted  hea t  ? i p e s .  Each S t q e  would be 
only  30 n i c ro -ne==rs  t ? ? i c k ;  s a c 5  h e a t  3 ige  only  1.; CII lona.  A :cW c o n v e r t s r  would f i t  
insicie a box 29 cn.2 :< A S  c3 high. it s ~ o u l d  7Jeiq.i o n i y  3 kc and woui6 pay back t h e  s n e f j y  
r equ i r ed  f2r ninlng, r e f i z i n q ,  and carArninq C,'le zatar ia ls  of which it is c o n s t r i c t e d  zn 
22 days a t  a q u a r t e r  of i=s seak power o u t p t .  Application i n  a home s o l a r - s l e c = z i c  a n l  
h e a t i n g  system is i l l u s t r a t e d .  



i i x a  22050 o ~ . z c o ~ ~ ~ l w ~ c s  CSXEMCTERISTICS OF POTASSIUN HEaT PIX ~ 3 ~ 3 ~ 3  w m i  AXON 

Fckuzawa, Y . ,  F u j i t e ,  Y . ,  (Dept. Yuclear Engng., Osaka Univ., S u i t a .  J a p a n ) ,  J. Nuclear 
S c i .  Tech., V 3 :11)9 -119 ,  1978 

N o  a b s t z a c t  a v a i l a b l e  

8 P 7 8  22051 SOLAR ENEBGY USES , SPSTE,XS , SXTERIENCES , SYYZOCIUX XUD XOLTZDT-ULZ CCNPEXNCS 

Gehrke, a., S o l a r  E.?er,--l L'ses, Systems, Exr;e:iences Syr.posium and Rol;?Ctable Ccnf. ,  Pzoc., 
I n  --man 

?he o p e r a t i o n  of steam neat-pipe c o l l e c t o r s  ( s u r f a c e  - 5 5  rnZ scoraqe  capac iy r  - 7 a3) 
w i t h  a ple.xiglass double-e ia te  cover f o r  space hea t ing  and s e r v i c e  h c t  wacsr h e a t i n c  i n  a 
s ing le - f ami ly  home !190 mL l i v i n g  a n a  t o  be heated) ia ' i ssen,  Pi. Cismany, is descr ibed .  
X s i m p l i f i e d  l ayou t  of t h e  system is ? resen ted .  
285 kWH & - c o l l e c t o r  a?: a t o t a l  of 18,500 k$i ( 2 4  Tercent  of v e r t i c a l  s o l a r  z a d i a t i o n ) .  
Back39 n e a t  is proviCed. by an e l e c t r i c  hea t ing  system. 3asea  on t h e  d a t a  and. e-Ferienco, ,  
a c o l l e c t o r  w a s  developed and is  Se izg  oZfesed on the ==:<et f o r  s o l a r  hea t ing  and b o t  
water h e a t i n c .  
a n t i c i p a t e d  :or t h e  sys t en .  

During one y e a r ,  t h e  energy ga+i was 

A n  a m u a l  e n e r q  ga in  of 230 to 250 krWi/m2 i n  C e n t r a l  Europe is 

3P78 22052 SPECZFYIXG SYSTEX CO~~SSIONIXG FOP. Z A T S X G ,  P I J I X G ,  XUD AIR C O N D I T I O N X G  
SYSTE.XS 

Supton, G.X., (Gupton Engng. XSSOC., Iac., Atlanta ,  W), Heatin?,  ? i a i n g ,  A i r  Condi t ion ing ,  
v jg :a ; -g2 ,  x u ,  XOV. 1977 

N o  abstzact a v a i l a b l e  

Xsiel?, T . ,  .Xcenig, D., (JPL, ?asadens ,  ,C?.), J. Spacecraf t  an6 Rockats, V 143756-761, X l 2 ,  
19 refs, 9ec. 1 9 7 7  

Some n u c l e a r  s a f e t y  a s p e c t s  of B 3.2-Xdt heat-?i?e-cooled f a s t  r e a c t a r  wi th  out -a f -  
ccre t h e d o n i c  canve rze r s  are l i s c m s e d .  Sa fe tg - r e l a t ed  c 3 a r a c z e r i s t i s s  af CAS f e s i g n ,  
i nc lud ing  a t h i z  l a y e r  of 3 4C sur romdi .ng  %be core,  t 2 e  u s e  of hea t  ? i p e s  and 3e0 
r e f l e c t o r  assernbly, t h e  e l i a i n a t i c n  of  f u e l  sLenent bovi.nq, e t = .  a r e  h i g h l i g h t e d .  
2 o t e n t i a l  s u s e r c r r t i c a l i t g  hazares and c o m t e m e a s u r e s  a r e  c m s i l e r e d .  Ingac t s  02 some 
s a f e t y  g u i d e l i n e s  of  che apace t zansporca t ion  s y s t a i  a r e  a l s o  l i s c x s s e d  b r i e f l y .  ?delve 
refs. should r e s u l t  i n  a t 5 z u s t e r  t h a t  has a hig.ily u z i f o r n  be&? s r o f i i e .  3006 perfornance ,  
and a l o w  2ou j l s - ion  ?opu la t ion .  Zxpe:ine-tal r e s u i t s  r n d i c a t e  t h a t  a t  about :?,e same 
t h r u s t  and perfo-mance l e v e l s ,  t h e  beun f l a t n e s s  sa r sme t s r  of :ne modified t h r u s t e r  i s  
30 ? e r c e n t  :?iq.ier and t h e  r a t i o  of  the double-to-singio Lor. beam c*t :en ts  is about 40 
percen t  lower than  :he va lues  measured i n  the SZX? II t h ~ ~ ~ s t e r .  

" 

a 
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KP78 2 2 0 5 6  A URG-SCALZ !EAT ZXC'iXXGZR WiTS IOLYG3NXLLY CDNPIGCXATZD 65\T PIPE UNITS 

Xoitumi,  T . ,  Fsrspa, S., .Xatsmoto ,  X . ,  icarawawa, K., (Fur'ikawa Electric Co., L t d . ,  TOKYO, 
Sa?&?), 3rd i n t .  S e a t  P i p e  Csnf.  Tech. ? a p e r s ,  l a l o  Alto, CX, p. 7 6 - 7 9 ,  Xay 2 2 - 2 4 ,  1978. 
AI=, Inc . ,  New York, YY,  X 7 8 - 3 5 5 3 8  
Avai1:AIG 

i\ l a r g e - s c a l e  h e a t  exchanger  w i t h  ?o lygonal ly  c o n f i g u r a t e d  h e a t  p i j e  u y i t o  is 
proposed  f o r  h e a t  rsco-,-er; sys=tm wi th  h r q e  :as f l c w  rzze. The l enqzk  of a h e a t  9 i p e  is 
restrict=.' b:r tSe  xax ixm h e a t  transfer ?:nit and t h e  lixi: o f  f a t r i c a t i c n ,  2zd t S e r e f g r e ,  
tt.e h e i q h t / v i < t h  r3:i.o 3 f  t h e  C x e  =rea  5 e c s r e s  unoalanced i f  thz heat  pi;es a r c  
a r r a n s e d  i n  t=zCi ; iozs l  r+c=mgula: ?rLsa c o a f i q c z a t i o n .  This 7.akes t.'.e i c s z a l i a t i o z  
space  an favorab ly  lazqa 2nd uzsyr-:etzic=l, ana t::sn du;=ing xorjc also Seczzes zxch :ore 
d i f f i c u l t .  The ? r o S l e n  czn  be r e s o l v e 2  by i n=zsdzc ing  a nove l  a-crazqeEent of  h e a t  ?i;e 
clemeazs i n  ?Clyqonai : m r i g x a t i o n .  T h i s  ? a j e r  c c s c r i k e s  o u t l i n e  of :>.e i a r g s  ?.ea= 
exchhncjer, some d e s i g n  examples and e e e r i r n e n t a l  r e s u l z s  of a ,wdel heat exchanger  w i t h  
hexagonal ly  c o n f i g u r a t e d  n e a t  ? i p e  u n i t s .  

- .  

H P ~  2 2 0 5 7  HEXT .?.ECOVEXXG TECEINI~L,  av USIXG RUT PIPES 

Koizumi, T . ,  Xatsunoto ,  K., (Furukawa E l e c t = .  Co., Tokyo, J a p a n ) ,  Keiso ,  V 2 0 : 4 5 - 5 0 ,  1 9 7 7  
No a b s t r a c t  a v a i l a b l e  

EIP78 22058  P~OPOSXL TO UTILIZE FUSION X A C T O R  ZXERGY SOURCES FCR CHS.XICXL ?ROCESS d??LICATICXS 

K r i k o r i a n ,  O . H . ,  (Cniv. of  C a l i f o r n i a ,  L i v e n o r e ,  C X ,  Lawrence L i v e m o r e  Lab . ) ,  S e p t .  22, 
1 9 7 7  

process  heat from f c s i o n  r e a c t o r s  f o r  l a r q e - s c a l e  c h e n r c a l  ?recess a ? ? l i c a = i c n s .  O f  
p a r t i c u l a r  i n t e r e s c  i s  t h e  cecomcos i t ion  reaczion,  CO? :/lieids CO + : /20? ,  3 h i c . i  a t  2 5 5 0  K ,  
shouid y i e l d  approx iza=e ly  5 3  9 e r c e n t  convers ron  t c i  CO i f  0 2  is par=iall:r rernoved thrguch an 
oxide  nernbrane. 8ydzoqen :an k e  de:ived from CO a t  Lover : e z ? e r a i x e s  511 r s a c = i n q  to w i t h  
steam, and C can also =e t e r i v e d  f x m  CO by a d i s? ropop- i cnac ion  i n t o  C and C3-, a t  
approxi-zadtelgl 1 0 0 0  K. These the-aicals, c3, 3 2 ,  and C ,  f o ra  the k a s i s  f o r  a a u l t i t c d e  of  
n o n - e l e c t r i c a l  e n e r q  a ? p i i c a e i o n s  i n  t h e  areas of trans?orzat:cn,  i n d u s t z i s l  ?recesses, and 
r e s i d e n t i a l  and c o m e r c i a l  uses. 
exploro, a v a r i e t y  of iZaas ana e v a l u a t e  t h e 3  f o r  s c i e c t z f i c  and economic 7.erit. A follow-on 
r e s e a r c h  a d  developmenc ? ~ ~ g r a m  nil: h e  arqosed i f  Lie i d e a s  prove promising. 

W e  propose t o  s tudy  t h e  u t i l i z a t i o n  o f  h igh- tenFera ture  ( a p p r o x i m t = l . (  2(330-2500 K) 

T.rl a d d i t i o n  t o  the C 3 2  2ecorngositzon ~ r ; c c o s s ,  w e  ?repose t o  

- - -  -. . 
. .  . 

RP78 2 2 0 5 3  TEE aX4CZSRISTICS OF HEXT EXCZlNGZ.XS CSING HEX? PIPES OR ?HZ?..YOSY?SONS 

Lee, Y.:  Bedross i an ,  A . ,  ( 9 e ~ t .  of Xecfi.  Z r r F g . ,  Vniv. of O t t a w a ,  O t t a w a ,  Canada) ,  In=. .7. of 
S e a t  and Y ? S S  ~ r a z s f a r  (a), v 21:221-i29, X i ,  1979 

phase c l o s e d  the,:.osy-,hons 3s tSe h e a t - t r a n s f e r  ele-eat, I r e  s t u d i e d  e q e r i a e n t a l l y  and a 
s imple  a n a l y t i c a l  xodel  was developed t o  ? = e d i c t  the ? , e r f o m ~ . c =  of  such 'snits clsirrp 
therncsyghons . The nax lnus  h e a t - t z a n s f e r  r a t e  has a unique f*.r.c=ronal r a l a c i c n s n i j  between 
t h e  r a t i o  of  two s t z e a n  xass  flow r a t e s  and <=e r a t i o  of heated t o  cooled  1engt.h of Lie 
heat t r a n s f e r  e l e n e n t s ,  r e c a r d l e s s  of element brz?dle gesne==ies .  

The c b a r a c = a r i s = i c s  of  cou?.;er-flW h e a t  axchanqer * m i t s .  us iaq  heat ? i p e s  or two- 
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8173 2 2 0 6 1  S O U R  ENERGY COLLECTOR 

.Xeckler, G . ,  US Pa ten t  no. 4,027,633,  June 7 .  1977 
Xvai l : ?a t en t  O f f i c e  

An infrared solar enerqy c o l l e c t o r  is disc losed .  ?he c o l l e c t o r  comprises a h e a t  
absorber  which, i n  a first e&odiment, is a txbe througS which a hea t  t r a n s f e r  f l u i d  is 
c i r c u l a t e d .  The h e a t  absorber  is a i sqosed  wi th in  3 l a r ? e r  g l a s s  the. in a nod i f i ed  
enbodiment, t h e  h e a t  absorber  is i n  =.'le l o r n  of a h e a t  pi?e which conducts h e a t  t o  a hear: 
t r a n s f e r  f l u i e  c i = = , ~ l a t e a  zhrouqn a manifold. v i ck  s i r r g i n q  a v o l a c i l e  f l u i d  zay also 
surround t h e  :?eat p i p e .  :&sotbed hea t  svapora tes  t h e  f l u i d  which is i n  t u r n  cordensea on 
t h e  c o o l e r  nan i fo ld .  S i t h e r  tke  e n c i r e  i n t e r i o r  o f  tSe qlass :*de surrounding t h e  h e a t  
abso rbe r  is under reduced ?ressuro, ,  or an annular r sg i cn  beweon  ch?? surrounding g l a s s  
t*&e and a second Larqer d im.e te r  surrounding class t.&e is uae: t e t u c n i  p r e s s u r e .  An 
rfiergy d i r e c t o r ,  suck as P r e f l e c t o r  w i t h i n  t h e  enc los ing  glass t x d e ,  d i r e c t s  s o l a r  e n e r q  
on 'be h e a t  absorber .  TSe z e l a t i v e  p o s i t i o n s  beween t h e  enerGy d i z e c t o r  and the  n e a t  
abso rbe r  are chkiqac  pzoqres s ive lg  dur ing  the course of each  Aay to enable  t h e  inaxiaum 
u t i l i z a t i o n  of solar e n e r y l .  

a ~ 7 8  22062 OPTIYLZE OUT-OF-CORZ THSZXIONIC ENERGY C O N ~ R S I O N  FOP. NUCLEAR EUCTXC 
P RoPuLsIo1v 

Ylrris, J .F . ,  (NASA, L s w i s ,  Cleveland. 08) , Csni .  f o r  P r e s e n t a t i o n  a t  I n t .  Con2. on Plasma 
S c i ,  .Montarey, CX, L3 p . ,  .clay 15-17, 1978, Sgons. by IEzS, 978-17856/3SL 

electr ic  p ropu l s ion  ( & I ? )  were eva lua ted .  Approaches =o inprove out -of -core  TEC a r b  
engnasized and ? r o b a b i l i t i e s  f o r  success are i nd ica t ed .  TEC c a i n s  are a v a i l a b i e  wiLi 
h ighe r  e n i t t e r  te rngerawres  and g r e a t e r  -jower d e n s i t i e s .  Gocd p o t e n t i a l i t i e s  f o r  
accolrodatinq e x t e r n a l  Sign t e n ? e r a t u r e ,  h i g h  sower d e n s i t y  TEC wi th  S e a t  g ipe  cooled 
:=actors a x i s t .  

Curren t  des igns  for cut -of -core  thermionic  e n e r q  convers ion  (TSC)  t o  power. nuc lea r  

iiP78 22663 3EAT ?I?ES T O R  SLY t N E X R  C 3 f l E a S I C N  '." 

Xurgu, Z., Xurqu, D . ,  C3]ocaru, L . ,  Xf~zurn, M. ,  ( C a n t r i l  de C a r c e t a r i  Tenrxce si ?i:lce, 
Iasr, Ruaania) , I v a r e o c h l i e b ,  E . ,  (Cen t ru l  de Carce ta r r  Tennicn si ? r z r c a ,  Po lyes t e r  
' ibers P l a n t ,  I a s r ,  X*manra),  ? r d  Iat. Zeat l i g e  Conf. Tecn. Pa?ers ,  p. 408-413, Yay 22-24, 
1978, Ai=, Y e w  Par!<, SY, ~ 7 8 - 3 5 6 3 2  

Seat pi-,es f a n r i c i t e d  from copper a id  en3loying oryanic  f l ~ u i s  '31: s r a t n r  as <.e 
r o r k i n g  f l u i d  have Seen develored f o r  use wi:b s o i a r  colLec=ors.  Tbe qraviyf  p p e s  were 
t e s t e d  for o p e r a t i c n  a t  ang le s  of I n c l i n a t i o n  f n m  0 t o  90 deqrees .  A porous stricture 
( g l a s s  wool) was adopted zo assu re  e f f i c i e n t  c i r c u l a t i o n  of t he  f l s i d .  3ata f o r  h e a t  
p ipes  t e s t e d  w i t h  ace tone ,  ecnyl  a l c o h o l ,  :reon, o r  water  a r e  :=ported. - 
3?78 22064 :XZAT ?:?E CA?MILITIES XVD A3PLICXTICNS 

?anken, W.A., ( W L ,  Los Alarms, XM) , Reepr. on Symp. and KorksSop on j-%m S o l a r  Thernal 
Tes t  F a c i l i t y ,  1375 

SO abstract, a v a i l a b l e  

13 
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I 4378 21067 A NON-T3ACRING .XODE%TELY FOCUSING HEAT PI?E SOLAR COLLECTOR 

Roberts ,  C . C . J r . ,  (Packer  Engng. Assoc., Xape-v i l le ,  Z L ) ,  3rd I n t .  Heat Pipe Conf. Tech. 
Dapers, g. 114-122, nay 22-24, i978,  A I M ,  Y e w  York, NY, 173-25592 

A des ign  For a node ra t s ly  focus ing  h e a t  gi3e sola: c o l l e c t o r  is ? resea t ed  t h a t  
i ncoGora=es  advantaces  of bo th  f l a t - p i a t e  and c?ncent:atrng collectors. This  c o l l a c t o r  1s 
itL1i:ed g r s x a r i l y  fa-r h e a t i n c ,  nas a x a t  p ige  absorber ,  and uses t G e  che-TZ1 diode 
ef fec t  of th-eat ?i?e ;3 ? reven t  noc tu rna l  neat loss. .k-prototg?e 23llec:or w a s  
const:ucte? and tesced s . i n g  3 u r  ? rav ic i - a s s*s t ed  hea t  ? rpes .  ?he concent:tt;on z i t i s  
iras 3.3:  t o  1. T e s t  d a t a  2enons t ra ted  c s l l e c t o r  e f l i c r e n c r e s  near 6 3  2ercen t  a t  low Loss 
f a c t s r .  . a s o r S e r  t e n p e r a t a r e s  ranged from 40 to 5 5  C. 

HP78 22063 EAERGY SAVINGS POTENTIAL O F  HVAC AI2-70-1Z2 XEAT .PECOVERY ZXCSWGZRS 

Sauer ,  3.J.J:., aowel l ,  a.X., (Univ. o f  .Missouri, Rolla, NO),  S e a t  T rans fe r  i n  Energy 
Conserv., ? roc .  g. 6 5 - 7 4 ,  Xov. 27-Dec. 2 ,  1977, Winter Annual xtg. of XSbE, A t l a n t a ,  a, 
Publ. by =:E,  Xew Y o r k ,  SY 

This paper d e s c r i b e s  an& d i scusses  t!!e p r i n c i a l e s ,  advantaqes,  and d isadvantages  of 
several t:r=res of a i r - t o - a i r  eae:T! recovery systems, tSe hea t  g i3e  exchanqer ,  t h e  t3ernai 
wheel, anc the  p l ace  exc5anger. 
%ea t ing  and coo l ing  ec_ui?ment and f u e l  ccsts by recover inq  enercry from elchaust air befo re  
it i s  thrown away. 2 e s u l t s  h d i c a t e  annual  ene:gy sav ings  
l a r ~ e r  sav ings  i n  t h e  s i t e  of tSe h e a t i n g  and cooi ing  equigment. 
aavings occuz when l a r g e  a n o u t s  of o u t s i e e  ai: a r e  r=qni:ed lor v e n t i l a t i o n .  

Enshas is  is ?laced on t h e  2 o t e n t i a l  enerqy sav i3cs  i n  

t o  2 3  7e:cent wi th  even 
As e q e c = e d ,  g r e a t e s t  

XP78 22059 C 3 0 L I N G  N I Z Y  S O W 2  ENERCf 

Scbuber t ,  X., Dreyez, J . ,  1977, In  Ge-Tan 
This  is  a repor: on ievelopment ;ror!c on sola= r s f r i g e r i t i c n .  

requirements  and s o l a r  ens:?y a v a i l a b l e  are equa l i zed ,  t k e r e  is RO n e c e s s i t y  f o r  long-ts--=l 
s to raqe .  The syscem is  icdependent  of any e x t a m a l  eaer7.y supply,  and shcws a sinple 
c o n s t r u c t i o n  r e q u i r i n q  l i t t l e  maizteaance corncared w i t n  compressor-t:rae r e f r i 3 e r a s o r s .  
High e f f i c i e n c y  enables  one t o  use compact Blants  f o r  room ai: cocd i t ion ing .  
aro, of  g r e a t  impor=ar.ce for  developing c o u n t r i e s ,  where cons iderable  q u a n t i t i e s  of food 
now roc because of i ack  o f  r e f r i g e r a t i o n .  

As :he r e f r i g e r a z i o n  

Scch ?lz?ts 

. 
9078 22070 ENERGY CC)NSERVA?ION ZX G Z G N  DRYEN OSIYG SEX? ? I T S  EXC:&VGZXS 

Sokhansanj, S., (Yichiqan S t a t e  Univ., E a s t  Lansing, X I ) ,  L 9 1  ?. , 1 9 7 7 ,  l h D  
Y o  b s t r a c t  a v a i l z b l e  

- - -  .. _. 

3oahar.sar.?, S., 3akker-X:keaa, ?.VI., (!tichican S t a t e  UnLv., Zast Lansinq, X I )  , aaper :&AE 
f c r  dnnual  X t ? . ,  ?IC S Z a t e  C n i v . ,  .?.alergh, YC, 14 ?., ;me 26-29, 1977, lap .  no. 77-3019, . 
PAL. by AS=, St. Joseph, ??I 

A b e a t  p:pe exchance: was used e.vezimenta1ly i n  a concn : l r en t - c3~~ to~f row g r a i n  dq-er  
2r.d savings  5:3m 13: t o  1 8  ?e rcen t  we== obtasned.  The ecoRozuc a n a l y s i s  of kea t  pL?e 
excaangers  and tae =cnnerci=l q r a i n  d rye r s  shove6 t h a t  ap9lrcatrcn of  Lbe device  will 
r e s u l t  i n  s . k s t a n t i a 1  n e t  annual sav ings .  Grarn d u s t  a c c m u l a t i c n  ( f o u l i n q )  of t h e  heac 
?:;e exchanger is a l s o  a n a l p e d .  

11 
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3378 22073 RIGH-TE.?IPZ.UTL73S THEXUL ZNEXGY STORAGZ, IXCLL'DIXG X DISCGSSZOX OF TES 
fNTEGaATE3 INTO POWEB ?&VTS: BOOK 

? ~ - n e r ,  R.H., ( C a l i f o r n i a  Inst. of Tech., ;PL, Pasadena, CW, L O 1  ?., 1918, Frankli.? I n s t .  
PzTess, ?h i l ade l?h ia ,  PA,  X78-34368 ,  S6.30 

concerrring energy t5ernal scorage are dis=xssad.  tak ing  i n t o  account  gene ra l  a spec t s  of 
Lie-rial energ.! s t o r a g e ,  Zhezmal s n e r q  scoraqe i z t e g r a t e d  i n t o  ?owe: ,=lanes , t he -na l  
scorzge .tecLiniques and t e c h x i z a l  cons idesa t ions ,  and ecanornic cons ide ra t ions .  
d e s c r i p t i o n  of s y s t e n  concegts  is  ?:cvrZerf, g iv ing  a t t e n t i o n  t o  a survey of ?rocosed 
concepts ,  s t o r a g e  i n  un?rassur ized  f l a i d s ,  water  s to rage  i n  sressurized containers, zse 
ase of an urbiercrsund l m e i  cavern for water  s to rage ,  a subner7ed t h i z  insulated steel  
s h e l l  under t h e  Ocean c o n t r i n i n g  ? re s su r i zed  waxer, gas  passage through solid blocks, a 
rock Sed s c i t h  Liqaid 'neat tzans- ,or t  f l * ~ i d ,  'noliow s teel  ingocs ,  hea t  s t o r a g e  i n  conc re t e  
o r  sand, sand in  a f l c i d i z e d  bed, sand pouzed over  ?iTes, a the-mal cnerqy s t a r a g e  Seat 
exchanger, ? ipes  or s j h e r e s  f i l l e d  wit!! phase cSange materials ( ? C Y ) ,  macroencipsuSatsd 
BCH with  hea t  p i a e  c sncep t  f o r  L-ansport f l u i d ,  soiid TCX removed from hea t  t r a n s f e r  Bipes 
by moving sc rapezs ,  znd t i e  d i z e c t  c o n t a c t  between ?CX ana tzansport, f l u i d .  

S torage  tempera tures  of 2 5 0  C and above a r e  considered.  S a s i c  c o n s i d e r a t i c n s  

I i .  D. AEROSPACE X'?LIC.1TIONS 

. a h a t ,  X . ,  Xaqe, X., D i e t r i c h ,  G . ,  ( S t z t t q a r t  Un ive r s i t ae t ,  S tu t t?x : ,  N. G a m ~ ? y ) ,  2nd 
Therrnc?nysics LZC! Xeat Trans fe r  C m f . ,  ?a lo  Alto, CA, 10 p. ,  Nay 2 4 - 2 6 ,  1 9 7 8 ,  AIXX and 
X S W ,  SuroFean Sgaca Xes. and Tech. Czntzo, 3 7 8 - 3 6 0 1 0  

The the--ai and s z z u c t u r a l  CesFjn a n a l y s i s  31 a z.oaula= ?base c h n g e  material !PCW 
the-nai Zapaci tDr f o r  a p p i i c a t i c n  t o  the the-mal cond i t ioc ing  o f  i ?ace iab  ?ayloads i s  
descri!xd. T:is xcdslar s'jstarn csn? r i se s  of u;, t o  s ; x  zodu les ,  oacn o f  550 sri; s t s r a g e  
capac i ty ,  s t acked  toge the r .  X corb ina t ion  o f  heat a i p e s  ar.d hcneycornb is . s e d  as =?e 
filler, octadec;?e ,~ ,a5 --e _.. ?C:.I. With ij b e a t . ? i ? e s ,  t h e  o v e r a l l  zs-peratxre  gzzd iez t  is 
s m p u t s d  to  S e Y - o r  a heat znput ra t *  of 500 w ana hea t  i z s r a g e  2 2  all si.ucc.;ies. 
The s t r ' l c t u r a l  m a l y s i s  shows the  p rov i s i cn  sf 12 3I l6- in  s teel  b o l t s  e q u a l l y  b i s t r i b u t a d  
a l cng  t h e  ;eripi?er-r t o  s u f f i c e  t o  hold  the  modules toge the r  i n  l a u c h  ami o r j i z a l  
v i b r a t i o n  envi ronnents .  

XP73 23020 ZSX ZEAT PITS ???OGXX%E 

Xccensi, X., Savage,  C.Z. , {PSA, European Space Xes. and Tech. Centze, Noordwijk, 
Yet i ie r lands) ,  3:5 I n t .  3eat ?:?e Conf., Palo Alto, CX, p. 377-292 ,  ?lay 2 2 - 2 3 ,  1318,  A L M ,  
New York, m, X78-35627  
Avai l  :AIM 

The ZSA a e a t  ? ipe  r e sea rch  ?zogram foc-Jses on a p p l i c a t i o n s  sf h e a t  ?i?es t o  the 
t.'em.al c o n t r o i  o f  ComTuiicctions aayloads of  comnunications sa te l l i t es  , t o  t he  coo i inq  05 
de teczor s  on sciellti,Sic sa t e i l i t s s ,  ana to :he the-na l  cond i t i cn ing  ~f saaceiab ?ayloads. 
Developneat 21ans fo= c s n s t m t  conduc:=nce and vari*ia conductance :?ea= ? i p s  opera t ing  
13 t he  range from -10 :a c70 :, as w e l l  as  50: cryogenic  h e a t  ?+es & ~ d  diodes .  a== 
?resented .  XechUical q u a l i f i c a t i o n ,  l i f e  t e s t i n g ,  and zero-G t e s t i n g  of the lea t  ?i;e 
s : 7 s t t m s  X r e  cons izered .  

' 

, 

12 
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RP78 2 3 0 2 1  SATELLITE BATTEXY TEmIPERXTURE CONTXOL L;SI:IG VAZIABLE CONDUCTXUCS HEAT PIPES 

Z d e l s t e i n ,  1., ( G r u m m a n  Aerospace Cor;,., Je tbpage,  N Y ) ,  P l i e q e r ,  H . ,  (Comunicat ior .s  
S a t e l l i t e  C o - a . ,  Clazksburg,  Y D ) ,  3rd i n t .  iIeat l iae  Csnf . ,  ?a i0  Alto, CX,  p. 360-366, 
Xay 22-24, 1 9 7 8 ,  X U X ,  Inc . ,  X e w  York, YY, X78-35624 
Avai l  :XU 

A non- f l igh t  s r o t o t y p e  25-ce l l  nickel-cahiTLq b a t t e r y  t h e r x a l  c o n t r o l  s y s t e a  us ing  
a c t i v e  fee8bac.l c o n t r o l  v a r i a b l e  conductarrcs hea t  p i s e s  has  been Oesigned, b u i l t ,  ax? 
tested. The t h e m a 1  des ign  o f  Lie b a t t e r y  li.nits sell t empera tures  t o  t h e  ranqe of LO C 
t o  15 C over  a l l  =hemall:r extreme o r b i t a l  envizonxr.ents. 
temperature  bami,  along wi th  d naxisum one C c e l l - t o - c e l l  c j radient ,  is e-ectea t o  ex tend  
b a t t e - q  li5e i.? t u t z r e  s a t e l l i t e s  t o  a lO-year ger icd.  The S e a t  ? ipe-bac tery  system has 
successEal ly  co.zplsced three-axis s i n u s o i d a l  v i b r a t i o n  t e s t i n g  ana its 2e r fomance  has  
Seen v e r i f i e d  du r i ag  e x t e n s i v e  z!!e-aal v a c u u  tests. 

'rhis r e l a t i v e l y  narrow 

AP78 23023 TXVVSVERSE FLAT-PUTS BEAT PIPS EXPSZUIENT 

E d e l s t e i n ,  F . ,  (Grmman Aerospace Cor?. , Bethpage, MY) , 3rd Int. S e a t  Pipe Conf., Palo 
A l t o ,  CA, p. 254-259, Yay 22-24, 1978, Tech Papers . ,  A I A A ,  I n c . ,  Mew York, XY, X78-35611 
Avai l  :AI=  

of a t r a n s v e r s e  f l a t - ? l a t e  h e a t  p i a e  t h a t  ser-res as an i n t e g r s l  t e n p e r a t u r e  cont ro l -  
molrnting panel  f o r  e l s c t r o n i c  equipnent .  A t r ansve r se  h e a t  s i p e  is a gas-concrol led 
:.ari&le condEctance h e a t  ?i?e t h a t  can handle  r e l a t i v e l y  l a r g e  the-mal loads .  An 
e.Geriment C e s i q e d  t o  f l i g h t  test  t h e  concept over a s i x  t o  nine-nonth j e r i o d  is s e l f -  
s u f f i c i e n t  wizh r e spec t  to electr ical  power, timing sequences,  and d a t a  s to rage .  

Th i s  ?ape= ciesc:ibes a shut t le - launched  f l i g h t  expe r inen t  t o  e v a l u a t e  the  ge r fomance  

3 1 7 8  23021 A EIIsii 3SLZ:ASZLITY V.ARI.QLZ CONDUCT-ZUCZ HEAT ?I?E SPACE ?.ADIATOR iX SATELLITE 
3ESIGX 

t l e i schman,  S.L., (Zughes A i r c r a f t  Co., Torrance,  C A I ,  Pas l ey ,  G.F., YcGzath, R . J . ,  
ioudenback, L.D., (:iug%es X i r c r a f t  Co., Space and Comunica t ions  Group, El Segundo, C h )  , 
3rci I n t .  Yeat ?i?e Conf. ,  Pa lo  Alto, CX, p. 216-226,  xay 22-24, l978,  A I M ,  Inc. ,  Xew York, 

Avail : Ai-U 
The h e a t  ?ises i n  t h i s  r a d i a t o r  for space app l i ca t ions  into-orate a con t r a l - co re  

wrapped sczeen wick, which p i n e s  and raprimes under adverse  cond i t ions  in t he  presence  of  I 
non-condensable gas. X s t e p  c!anqe i n  zesh  s i z e  ?:ovides low resiszance :o l i q u i d  flow 
i n  t h e  condenser  wni le  a t  Lie same t ine r e t a i n i n g  h igh  ?Im.ging c a s a b i l i t y  i n  ?!!e 
evapora to r  reg ion .  The envelope ana wick marer ia l  is s t a i n l e s s  steel f o r  a turndown r a t i o  
o f  6000 t o  1. The des ign  o f f e r s  hiqh t!!erx,l t r a n s p o r t  a t  r e l a t i v e l y  high tilt ang les ,  
t!!us reducinq s a a c e c z a f t  l e v e l i n g  requiremenrs. Tke vcrlciag f l u i d  i s  a m o n i a .  Spacecraf 2 
the-mal f e s i c n  a s n s i z e r a t i c n s  ara ? resen ted ,  as well a s  t ierxal  v a c u m  cescinq of t h e  
space :adia+-- - 4 - .  

XY,  x78-356a6 

1 3  
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s imula t ion  chamber w a s  xsed t a  t es t  l ayou t  ichenes and b a s i c  har2ware func t ion .  Fac to r s  
t e s t e d  inc lude  t h e  in f luence  of h e a t  i n j u t  va r i ac ion ,  f l u c t u a t i o n s  i n  s o l a r  r a d i a t i o n ,  2nd 
v i b r a t i o n .  Each aodclar component i s  des iqned  t o  t r a c s p o r t  a d i s s i p a t i o n  hea t  of 90 *J a t  
a 40 C t o  t h e  r a C i a t o r  su r face .  A t t en t ion  is qiven t o  optimized d i zens ions  for nea t  p i ? e s  
m d  t o  L!e i a s u l a t i o n  c ? ~ a r i c t e r i s t r c s  sf :he r e sezvo i r s  for a l l  t h r e e  nodular  t'l?es, e.;. , 
f i x e d  conductance,  a c t i v e  gas c=n t=o l l&,  t?d ,=assive qas c o n t r o l l e d .  

~ 

HB78 2 3 0 2 7  9%: 2I2E ZIOCLEXR XACT0F.S PCR STACE XT?LiCATIONS 

Xoeaig, 3 . R . ,  Ranken, 5J.X.. (Gniv. of C a l i f o r n i a ,  Los Xlamos, X M ) ,  3 r 9  I n t .  Xeat ?i?e 
Conf, Tech. Pape r s ,  ?a10 A l t o ,  CX, p. 3 9 1 - 3 9 7 ,  Nay 2 2 - 2 4 ,  1 9 7 0 ,  X I U ,  I nc . ,  ?few York, YY, 

Avai1:XIAA 

a p p l i c a t i o n s .  The :=actor can ne coupled t o  a v a r i e t y  of high-te.mperature ( 1 2 0 0 - 1 7 0 0  ic) 
electrical  convers ion  systems such a s  t!!e-noelectric, t h e m i o n i c  , and a ray ton  cyc la  
converzers .  It  is desigr.ed t o  ope ra t e  i n  the ?over range 0 . 1  t o  3 .Wc_ for l i f e t i n e s  of 
about 10 yea r s .  The r e a c t o r  is a f a s t  speccrux, compact asse.?lbly of  hexigonal  f a e l  
e l e n e n t s ,  each cool.=ci by an a x i a l  molybdenum 3eac ? ige  and loaded with f u l l y  en r i ched  
UC-ZrC o r  ! a - i i 0 2 .  Sac to r  c o n t r o l  i s  2roviSed i n  t h e  r a d i a l  r e f l e c t o r .  A comparison of 
s e v e r a l  power p l a n t s  employing :he h e a t  p ipe  reactor c m c e g t  is ? re sen ted  fo r  an out;r;t 
power l e v e i  of 50 XXe. 

x7a-35629 

A h e a t  g i p e  n u c l e a r  r e a c t o r  des ign  concept is be iag  i n y e s t i g a t o d  f o r  space ?awe= 

Kreeb, E., ( i h r n i e r  System G:.ISH, Pr ied r i chsna fen ,  W ,  Se-many), 3rd i n t .  Heat ?i?e Conf. 
Tech. PaFers,  Sa l0  Al to ,  CX, p. 2 4 1 - 2 1 4 ,  Hay 2 2 - 2 4 ,  1 3 7 3 ,  A I M ,  i n c . ,  N e w  York, MY, 
A78- 3560 9 
Avai 1 : AI= 

?or the Slanned communication s j a c e c r a f t  >.:=omsat, a k a t  p i p e  r a d i a t o r  had been 
des igned ,  n m u f a c t z r s d ,  arid t e s t e d  success fu l ly .  The nor-h-soGtb ;anel of t he  Xrcomsat is 
provided wi th  e l e c t r o n i c  corponents such 3s T W S ,  E?CS, ar.d anpiifiors. Sea t  due t o  aze:qy 
l o s s e s  axe d i s s i ? a t e d  d i r e c t l y  i n t o  t!!ese j a n e l s  r n i c h  r a d i a t e  t he  eneryy t o  s sace .  ?he 
main d i s s i p a c i c n  eEergy i s  pr d u c e d  by two a q J l i f i e z s ,  locaced i n  a ro- la t i - re ly  s n a i l  a r ea .  
The d i s s i 2 a t l o n  h e a t  of tkes s  two mplil'iers should be L i sc r iSu ted  n e a r l y  rsotke-mal ,=ver 
t h e  whole r a d i a t o r  s u r f a c e  v;  :h about l .7/rnZ ( L . 3  n x 1.3 m) . The sreiqht o f  t h e  c=mple=e 
r a d i a t o r  is-lL*tzd t o  aboct  ! . 3  kq. Seat pi?es Fncegra t e i  i n  t k e  honeycomb co re  of t i e  .. - 
r a d i a t o r  Sane1 a r e  s e l e c t e d  i r t h i s  energ-- d i s t r i b u t i o n .  - 
3P78  2 3 0 2 9  DESiGX OF X GAS-CONTXCLLZD 3Z.X J f l S  XXDIATCR FOR X YAROTS-TYPE T?A-XUIXTOR 

XP?LiC\TIOB 

Kreeb, 9., ?e=<=, H.,  ( m r n i e r  Sutcem G,mH, Pr lecz i chsha fen ,  W. G.=,cnany), Savaoe, C . ,  
(ESX, Suropet?  Space Xes. and Tech. Csn t r a ,  !loorkdi;k, N e t h e r l a n d s ) ,  j r ~  I n t .  % e a t  ? ipe  
Conf., Tech. -Oa?ers, Palo Al to ,  CX, B. 2 3 3 - 2 4 0 ,  Hay 2 2 - 2 4 ,  1378, A:;U, i n c . ,  ?few York, Yf, 

Avai l  :AI= 

gas -con t ro l l ed  hea: p ipe  r a d i a t o r  was desiqned with t h e  fo l lcwinq  components: a rnounc-1~~~ 
Dlate w i t h  f i v e  the--maliter hea t  p i ? e s ,  two 5er.t r a d i a t o r  ?ar.els *.at3 four  7as-contzol'ed 
heat Bipes each ,  and :hemal i n s u l a t i o n  b lankets  for :te noucting ? l a t e  and r a se r - io i z t .  
Design and opera=fng parar,etors o f  :?e syscem a r e  d i s c J s t e a  with a t t e n c i o n  t o  s p e c i f i c  
goa l s  and ConSt=a ln t j ,  i nc lud ing  nec i rn ing  of k f a  W i t h  a sa)(rnm ?owe= d i s s i ? a t i o n  of 
130 -4 st eqainox. s.& k3ism t b e r s a l  i n t e r f a z ~ n c o  to S/C :at:o. Calcu1a:ions aro 
? r e s e n t e d  t o r  ;ys:=m o a e r a t i o n  w.der W O K S =  c'se :o?.di=ions. 3 e s u i t s  int5i;ate :ha= cool ing  
requi rements  ==XI be x e t  w i tb in  acceg tab ie  = L ~ S S  c m s t r z i n t s .  

x7a- 3550 a 

f n  an e f f o r t  t o  c o n t r o l  t h e  the,?lal envirom-ent of a Xa:ots s g a c e c r a f t  ?ay load ,  a 
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8?78 23031 A TIF-?-NAL CLVISTER EXPERI.%NT FOR m E  STACE SHUTTLE 

McIntosh, X.,  Ol lendor f ,  S., (NASA,  Goddard, Greerbelt, ;X!2), 3rd I n t .  S e a t  Pipe Conf. Tech. 
Papers ,  Pal0 Alto, C d ,  p. 402-407, ?lay 22-24, 1918, X X X ,  Inc . ,  Xew York, XY, A 7 8 - 3 5 6 3 1  
Avai 1 : XIAA 

.4n experizient w i l l  be desc r ibed  which, i f  s u c c e s s f a l ,  w i l l  demcnstrate  t h e  f s a s i b i l i t y  
of us ing  a h e a t  p ipe  t h e m a l  canis:er t o  ccnczol t.?e terngerature of a wide v a r i e q  of  
i n s t r u n e n t s  opezacing i n  :he bay of the NASA space s h u c t l e .  The e -e r inen t  w i l i  be 
l a m c h e d  i n  Cecenke: 1973 as p a r t  of t h e  foczth g r b i t a l  fliqht test o f  the s h u t z l e ,  
P r e d i c t i o n s  ind icacz  t h c t  Che c a n i s t e r  can Frovide ar. scv?.rmment c o n t s o l l s d  t o  Z one c 
over t h e  rmge of 0 C t o  30 C f o r  conduct icely and r a d i a t i v e l y  coupled ins;rqm.encs 1~1th 
inte--a1 power d i s s i p a t i c n s  of approxiinatel:/ 100 t o  400 w a t t s .  ? h i s  is t h e  acst &ir-ious 
:henna1 c o n t r o l  prqqzyn y e t  atzemptmd which uses h e a t  a i g e s  as t h e  primary c o n t r o l  element.  
?he outcame of t h i s  e.x?erLxenc w i l l  Save far reaching i n F l i c a t i o n s  for inst:u;r.ents whic5 
a r e  ope ra t ed  i n  :he shu t tLe  b y .  

KP78 2303; SIOI-TS.XSS?ATURE Xi=-POWER-DENSiTY THSRMIONiC ZNE2GY CONVEZSION TOR SPACS 

Morris, J . ,  (NASA, L e w i s ,  Cleveland,  O H ) ,  17 ?., 1977, N78-13890/6SL 

energy conversion (TSC) wits q r e a t e r  2cwer d e n s i t i e s  and h ighe r  temperacures w i t h i n  
reasonable  limits f o r  space missions.  Conveztez o u t p u t  sower d e n s i t y  , voltage, and 
e f f i c i e n c y  a s  fxnc t ions  of c t l r r en t  d e n s i t y  were d e t e r ~ n e a  f o r  1400 t o  2000-R e-nittcrs 
w i t h  125 t o  1000-K c o l l e c t o r s .  The results en ouraqe u t i l i z a t i o n  of TEC with ho t t e r - than -  
1650 EI emitters and greater-then-6X m2 O U E ~ U :  t o  a t t a i n  S e t t e r  e f f i c i e n c i a s ,  grasce r  
v o l t a g e s ,  and hAgner waste-neac-reject ion tea; r a t a r e s  f a r  nul t ihundzed-ki lowact  space- 
power a ? ? l i c a t i o n s .  For ex&%?le, 1800 K, 30 : ca2 TEC o p e r a t i o n  f o r  :iEP comgared with t h e  
1630 K ,  5 a c& case shoul5 al low nuch lower r l d i a t i o n  we igh t s ,  s u b s = m t i a l l y  fewer and/or 
smaller emi t ze r  heac p i p e s ,  s ;gn i f i can t ly  r e d x e d  r e a c t o r  and s h i e l & - r e i a t e d  -#e igh t s ,  zany 
fever c o n v e r t e r s  and a s soc iazed  cuz renc -co l l ec t i ac  =us Sazs , less ?ewer c o n d i t i o n i n g ,  and 
:owe= t zaasmiss ion  l o s s e s .  S n t e q r a t i o n  o f  these e z z e c t s  should :fieid cans ide rzb ly  reduced 
Nf? s p e c i f i c  wei7hts.  

T h e o r e t i c  c o n v e r t e r  o u t p i t s  &id e f f i c i e n c i e s  i n d i c a t e  the need t o  c o n s i d e r  the-=ionic 

- -  

BP78 23033 ?EAT ? I P S  13 SPACS, .WD ON EART?? 

Ol lendor f ,  S., (NASA, Goddard, Grsenbel: ?ID), 14tS Annual Xtg. and Tech. Display of A L I A ,  
3 ?., Feb. 7-9, 1978, Washiaqton, D.C., 78-24005 
Avail  :Ai.= 

The h e a t  p i p e . i s  a closed t a b e  whos inner  s u r f a c e s  a r e  l i n e d  wi th  a ?orous c a ? i l l a r y  
w i c k .  ?he r i c k  is saturated with t h e  li u i d  ?base of a working f l u i d .  The h e a t  s m p l i s d  - 
a t  one end af t i e  tuje. =he zvqoratar,  auses  e v a y r a t i o n  of t h e  srorkinq f l u i d .  :%e 
vapor w i l i  pa s s  t o  =he o t h e r  end of the .-i&e, the condenser ,  rheze  it w i l l  condense and- 
r e l e a s e  t h e  l a t e n t  h e a t  of  vapor i za t ion  to a hea t  sink i n  t h a t  s e c t i o n  of :he ?i?e. 
P r o b l e m  concerninq 3 des iqn  of k e a t  p ipes  f?r space z ? ? l i c a t i c n s  a r e  r e l a t e d  =o c e r t a i n  
d i f f i c a l t i e s  r zgs rd inq  t h e  s r a c r c t i o n  of i e v i c e  ? e r f c - m n c =  m d e r  zero-C c m d i t i o n s  . aeat 
s i p e s  a r e  u s u a l l y  t s s t s d  a n  :he gromd under tSe in f lnence  of T r a v i t y ,  2nd then t h e i r  
ae r fo rnance  is e*-raipolated t o  space.  . X d e s c r i p t i o n  i s  ? re sen ted  of tSe  approaches used t o  
i n s u r e  good n e a t  ? i p e  g e r f o m a n c s  i n  space.  AttentLon is 3rven t o  an i n t e r n a t i o n a l  h e a t  
page e x p e r l n e n t  conduczei t o  acc -mula t e  z e r o 4  ?erformance d a t a  f o r  s e v e r a l  new and ,micue 
h e a t  p ipe  d e s i g n s ,  S e a t  ? i p e s  f o r  ATS-6, c r l o g e n i c  n e a t  ?i?es, and %cure a c z i v i t i e s .  
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v i b r a t i o n ,  shock, and ? r e s s u r e  t e s t i n g ,  as w e l l  a s  ex?osu=e t o  t h e m a l  cyc l inq  and tke-mal 
shocks. S t a r t - u p  behav io r  of Lie h e a t  p ipes  a f t e r  a c c s l e r 3 t i o n  o r  wi th  frozen working 
f l u i d  i s  a l s o  a s ses sed .  The s e a l i n g  process  and cherracal c l e a n i n g  af t!e ? i p e s  apgear  t o  
be +be m u f a c t u r i n g  s t e p s  p re sen t inq  t h e  .mst  d i f f i c u l t i e s  i n  a s s u r i n g  the  q u a l i t y  of the  
h e a t  p ipes .  

3.073 2 3 0 3 6  DESiGX COXSI3E.SdTIONS FOR A NUCtEA2 SLECTRIC P3CPULS;ON SPSTEX 

P h i l l i p s ,  N . Y . ,  Pawlik,  1 . V . .  (Ca l iZorz i a  k s t .  o f  Tech., ;?5, l a sadena ,  C A I ,  1 3 t h  i n t .  
S1ect:ic Propuls ion Conf. ? roc . ,  San Dieqo, CX, 11 p., A p r i l  25-27, l . 9 i 8 ,  X I = ,  Deutsche 
G e s e l l s c h a f t  l u e r  L u k  x i d  Xaumfahrt, 3XDA-sgons. Xes., A78-32763  
Xvai1 :AIa  

A s t u d y  i s  c u r r e n t l y  underday t o  desion a n u c l e a r  e lec t r ic  p ropu l s ion  v e h i c l e  cagab le  
of  gerforoLaq d e t a i l e d  e x p l o r a t i o n  of t ! !e  octo: p l anecs .  Primary emphasis i s  on t h e  power 
subsystem. S e c o n d a q  s n g h a s i s  i nc ludes  i n t e q r a t i o n  i n t o  a s p a c s c r a f t ,  &.a i n t e g r a t i o n  with 
t h e  t h z u s t  suSsys t en  and s c i e n c e  ?ackaqe or payload. Tke r e s u l t s  cf s e v e r a l  design 
i t e r a t i o n s  i n d i c a t e  an a l l - h e a t  ?Ipe system o f f s r s  g r e a t e r  r e l i a b i l i c y ,  e l i m i n a t i o n  of 
many technoloqy development a r e a s  and a s p e c i f i c  weight of  under 20  kg/:(:r;e a t  t he  400 8:ge 
power l e v e l .  The syszem is compatible wit!! a s i n g l e  s t u t t l e  launch and provides  g r e a t e r  
s a f e t y  tSan could 3e ab ta ined  with d e s i p s  using ?u.mped i i q u i d  s e t a l  co01i;lq. 
c o n f i g u r a t i o n s ,  one with t h e  r e a c t o r  anc  power conversia:: iarcrard on t h e  s g a c e c r a f t  with 
t h e  ion  enqrnes a f t  and t h e  ot!er w i th  r$ac=or,  ?ewer cmve:sim, and ion engines  zft x e r e  
s e l e c t e d  as dua l  b a s e l i n e  Sesigns based an minisuix weigkt ,  un inLm requ i red  ttc.hnolagy 
development, and maximum grswth p o t e n t i a l  and f l e x i b i l i t y .  

Two 

9278 2 2 0 3 7  JEAT l I7SS ?OR 'JBOSR STAG AVIONICS TSEXLU, C3 TXCL 

?Leasan%, R.L.,  (Gsnezal Dynanics Cor;). , Convaiz Div.,  San Diego, CX) , 3rd in= .  3 e a t  l i j e  
Conf. Tech. Papers ,  ? L o  Al to ,  CX, p. ?98-1Oi, xay 2 2 - 2 4 ,  1978, X i a ,  Inc., R e w  York, XP 
X78-356 30 
Avail  : .4ix;i 

t e s t  a r t i c l e  r e p r e s e n t i n g  an upper s t ace  a v i o n i c s  t h e m 3 1  cont:ol system w a s  
deveioped and zeszod -mder s i x u l a c e d  sgace envrronxents of f:;l-s-m and n o - s - a .  The ur;par 
s t a g e  a v i o n i c s  packaces a r e  l o c a t e d  in space-vievizq - .~ndows.  :idat i s  c a r r i e d  :=om 
package mountiag ? l a c e s  ta c y l i n d r i c a l  secondary :sc. 3 t a r  skins 3 y  h e a t  2 i D e s .  T a s t  
r e s u l t s  were cor ro l azad  arid simulated with an z r ~ l y t  ca: xodei  of :he t n s t  a r t i c l e .  The 
selected wincow mdule q i p m a c h  w a s  t o m a  t3 >e -Jess tilt, :a al low repeazsd package 
renoval  w i th  no s e r f o m a n c e  senal??, and to ooe ra t e  a t r s f a c t o r i l y  with a s i a u l a t e c  one- - heat-page-out f a i l u r e .  .I. . 
9773 23038  DFJZLOP.%XT OF X TEC'JPIOLOGICU YODEL VAZiABL3: C3XDt'CTAXCE OEXT ?L?E ?AIADIXTOR 

POX .XAROTS-TYPE COM!%ICXTION SPACLCX4Z'T 

Savage, C . J . ,  Aalders ,  a.G.X., ( E S X ,  European Spaca 3es. and Tech. Centre ,  NOOr5dljk, 
XetSerlmtnCs) , Kreeb, 3 . ,  (Dornier System GaH, F r i e d r i c h h a f e n ,  5J. Germany) , jr:! Znt. S e a t  
Pige Conf. Tech. ?a?e=s,  l a i o  A l t o ,  C;, 2 .  227-232, Yay 2 2 - 2 4 ,  1 9 7 8 ,  XI=, i n c . ,  New York ,  

Avai l  :AI= 

b u i l t ,  and t e s t e d ,  and has heen Life :=sting now 53r  =Sc.i= L4 nonths a t  Zszec. The 5es i rT  
c o n s t r a i n t s  *,,rere based 3n t he  a n t r c i ? a t e d  t i ieznal con tzo l  requirenencs for ~ 5 - z  ;Il;c=?wave 
: r a n s i s t o r  ?owe: mp l l f i e r s  intended for ::?e .%rat3 s a t e l l i t e .  TSus t h e  raCiacor was 
r t q u i r o d  to n a i n t a l n  a l l  operacinq mU1iS ia r s  V L K ! ~ ~  fi7e C of one ano the r  and wirii ia t he  
t e x c e r a t u r e  :mge of 30 to  4 0  C.  The rzdiato:  iust also pr9vi2e s r o t e c t i o n  du:i;lg 
axtended powergd-4own ?eriocs and :',urinq e c l i p s e .  Zxpe r inen ta l  r e s u l t s  ?xe s r s s e n t e d  
showing ? e r f o n w . c e  a t  %:e tegrnn~nq o f  iiz'e and I f Z t l r  t k e  E l Z s t  1 2  ron ths  af Lifa = = s t i n g .  

YY, X73-35607 

A technoiDgy m d e l  v a r i a b l e  conduc t t i ce  heat ? i p e  ('?C4?) r a d i a t x  has Seen c e s i g z e d ,  
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H?78 2 3 0 4 0  ifS?P: X LOW-TS.VEXATUR2 HEAT PIPE EX?ERIYZ?JT ?.4C:(XGZ DE'TZLOPED ?OR ?LIGiIT ON- 
BOARD TdE LONG DUaATION EX?OSC= FACILITY ( L E 7 1  

Suelau ,  H . J .  , Brennan, P . J . ,  (B h K Enqng., I n c . ,  Tcwson, !-ID), Ncintosh,  R., (WSSA, 
Goddard, Greenbel t ,  Y ? ) ,  3rd i n t .  Heat ? ipe  Csnf. Tech. Papers ,  ?a10 A l t o ,  CA, p. 413-325, 
Xay 2 2 - 2 4 ,  1978, AIXX, Inc . ,  New 'Zork, N y ,  Xi8-35634 
Avai 1 : A1.W 

The h e a t  p i l e  e q e r i m e n t  package (HE??) is desi-;ned t o  groviee  a f l i g h t  eva lua t ion  
system f o r  low-tezgeratuze heat  pipes .  ?he iiz?? w i l l  be f low2 aboard tne  long du ra t ion  
e-osure f a c i l i t y  vhich w i l l  be launched and r s t z i eved  as ?ar t  of t h e  space s h u t t l e  
program. TSe exae r inen t  conc=ics  two hea t  piges , aim. axially grooved. f i x e d  conductmca  
h e a t  p ipe ,  and a l i q a i d  blockage t?.ersal diode. A j h a s e  change a a t e r i a i  c a n i s c t r  is also 
i s l tegra ted  wi th  a r a d i a n t  c o o l e r  sys:e?n. Addit ional  hardware c o n s i s t s  3f su2por t ing  
electrical  aquipment, i nc lud ing  e l e z z r o n i c s  f a r  s i p a l  cond i t ion ing  ana command func t ions ,  
a d a t a  r eco rde r ,  and a h e - n e t i c a l l y  s e a l e d  b a t t e r y  which zowers t h e  e.Ferirner,t. A '& ,.,e-nal 
nodel was eeveloged t o  s i izu la te  the behavior  7f :he SEPP and a gzound tes t  aroqram vas 
conducted t o  v e r i f y  tine p r e d i c t e d  performance of t h e  squipnent .  

HP78 23041 "T-SYSTEX:" P30POSxL OF A \IzW COXCSPT H Z T  T-FAXSPCRT SYSTEX 

Tamburini,  P., (ESA, Eurooean Space 2es. and Tech. c e n t r a ,  Noordwijk, Ye the r l ands ) ,  3rd 
iat .  Xeat Pipe Conf. Tech. ?ape r s ,  ?a10 Alto, CX, 2 .  346-353, Yay 22-24, 1978, Ai.%, i n c . ,  
New York, NY, A78-33623 

.Avail:XIXX 
X h e a t  t z a n s p o r t  system which rnl ies  on p res su re  changes genera ted  by evapora t ion  an& 

condensa t ion  of tiye working f l u i d  t o  d r i v e  c i r c u l a t i o n  i s  descr ibed .  The h e a t  t rans?or<  
system, vh ich  rqcires  no convent iona l  ?up, can work a g a i n s t  q r a v i t y  and consequsncfy say 
be tes ted  on the qzound befo re  launch i n  a spacec ra f t .  I n  a d d i t i o n ,  t h e  system o f f a r s  a 
hiqh degree of  f l e x i b i l i t y  i n  des i? ,  acccrmnocating Sends, elbows, and f l e x  hoses v i t h  a0 
mjor l i m i t a t i o n s .  A bench zolel of 'the hea t  t r a n s g o r t  s y s t e p  has Seen tester',: a p p l i c a t i s n s  
of t h e  concegc t o  t h e n a l  con tzo l  i n  space lab  payloads and t o  s o l a r  energy c o l l e c t i o n  are 
mentioned. 

9P78 23042 BIGii TZXPZTWTORE SEAT PIPS XSEARCX AT XASA Lr-dIS X Z S E A X I I :  CZXTE? 

Tower ,  L.X., Kaufmn,  W . 3 . .  (NASA, L a w i s ,  Cleveland,  081, 3rd I n t .  Eeat Pipe Conf. Tech. 
Papers ,  Palo Alto, tX, 2 .  302-211, Nay 22-24 ,  1978,  XI;^, Inc. .  N e w  York, hT, Ais-25618 
Avai l  :AI= 

t emaera ture  r e f r a c t s r y  n e t a l  h e a t  ?i?es have Seen designed and b u i l t  f o r  alkali s e t a l  
- 

r o r k i n q  f l u i l s .  ' abr ica t ion  of  t m g s t = n  wire- re inforced  t a n t a l m  ?i?es by chemical vapor 
Ss?os i t i on  i s  d i s c u s s e l :  che development of reinzorce", p ipes  with i n t e g r a l  a r t e r i e s  
?rodccec by  chemical vapor d e p o s i t i o n  i s  also nenzloced. The i e a s i h i l i t g  of using 1 i t h i . m .  
sodiun, gotassLLq, cesium, o r  aer=ruy  as t h e  vor!cing f l 3 f i . d  Fa <ne hea t  ?L?ss is ais0 
re-riewed. 
Liousand hours  is  repor ted .  

In t h e  course  of s t u d i e s  of t h e m i o n i c  aower p i a q t s  for s?ace a p p l i c a t i o n s ,  high- 

Operat ion sf a l i t h i u m - f i l l e d  hea t  ? i g e  o f  about  three-kw capac i ty  f o r  s e v e r a l  

17 
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11. E. ELEC?.ICXt AND SLZCTRONIC AP?LICATIONS 

HP78 2 4 0 0 5  PXOCESDIYGS OF TSE TECSXICAL ?ROG&%, SXTIONAL ELECT2OYIC ?AC&XGiNG AVD 
?RODUCTION C3M?E.3SIICS, 1 9 7 7  

.-on., (1116. and S c i .  Conf. Xanage., Chicago, TI,), Conf. Proc. ,  h a n e i m ,  CX, 5 0 8  ?., .xar=h 
1 - 3 ,  1 9 7 7 :  P h i l a e e l p h i a ,  ?.I, Yay 1 7 - 1 9 ,  1 9 7 7 ,  ?ubi .  by Ind. and S c i .  Conf. Manace. 

This symgosim of 6 8  ?a?ers  cove r s  t he  foi lowizg top ic s :  ingrgve4 nul t i la1Jer  
?erfonnance vi<? new 1=mnate macerisis; ? r a c t i c z l  a p p l ~ c a c i o n s  of photochemical 
machining; c h i p  curie: s g s t e a s  ia ceramic cnd j l a s t i c s :  %use of e v a i u a t i o n  of f i b e r  o p t i c s  
i n  e l e c t r o n i c  s y s t e m ;  f l e x i b l e  c i rcxi ts-rel iabi l i : :?  tSrough des ign  and t e s t i n g ;  s m f a c e  
f i n i s h e s  for q u a l i t y  so lde rx?g :  Cost cons i2e ra t ion  and econorric c o c t r z d  i n  cisc-it  
inanufactxrizg; a survey of industz:J-wi?e c i z c x i t  z s s t i n g  se t -up ;  artwork gene ra t ion :  
ea-rent t r e n d s  i n  ?C Soar8 aanufac tx re  and so lde r ing ;  solder ing-procedure and Yna to r i a l s ;  
r educ t ion  of set-up c o s t s  f o r  ATE: t h e e a l  p rob lem:  nicrowave packaging; and, z w l t i p l e x  
w i r i n g  impact on Backaging con.nec=ors. Selected papers  a r e  indexed s e p a r a t e l y .  

HP78 2 4 0 0 6  HEAT PIPES IX ELECTXONIC COAMPONENT PACKAGiYG 

3 a s i u l i s ,  A . ,  Sekhon, X.S., (iiuqhes Xi:craf= Co., Torrance,  CAI , ?roc.  of Tech. arogram 
Yat'l Electzon.  Packag. ?roc. Conf. ,  Andiein, CX, ?larch 1 - 3 ,  1 9 7 7 :  ? h i l a c e l ? h i a ,  ? A ,  :.lay 
l 7 - 1 9 ,  1 9 7 7 ,  p .  4 1 0 - 4 1 9 ,  14 refs, ?ubl .  by Ind. and S c i .  Canf. Xanage., Chicaqo, I L  

Heat ?i?es i n  e l e c t r o n i c  component ?ackac ix j  p rov ice  many acvaccages ove: 
conven t iona l  coo l ing  methods by reducing component texlper=trrres, B l i cuna t ing  h o t  s- ,c ts ,  
and ? rov id ing  Cesign f l e x i u j i i i t y .  Jecause of t hese  f e a t * l r = s ,  5 e a t  si?es a r e  slowly 
ga in ing  a c c e p t m c e  i n  inaust--y. App l i ca t ions  inci>.de heac ? i a e s  c a o i i n g  components i n s i d e  
h e m e t i c a l l y  s e a l e d  a z c l o s u r e s  , ranoving h e a t  from f l a t  sacks, s e r v i n g  a s  an i s o c h e r x a l  
nouzat-ng ? l a t e  f o r  an a m p l i f i e r  on a s p a c e c r a f t ,  or  Zou j i inq  a s  a s c ruc t - J r a l  nenber and 
tSe-Tal conductor  t o  c o o l  a s o l i d - s t a t e  module. Develo?zents a r e  eve- under -day :o 
i n t e g r a t e  h e a t  2 iFes  i n t o  c i r c u i t  ciris and =o 5 u i l 8  heat Ti?es i n t o  power t r a n s i s t z r s .  
? e a t  ; i p s  i n  actaal .  e l e c t z c n i c  aackagisq a p ? l i c s c i o n s ,  and ci-ose ,aider 6evelopnent a r e  
d i scussed .  l e r f o r x a n c e  c h a r a c z e r i s t i c s  of beat ?r?es w i l l  3e g iven .  and sxamglas of how 
L\emai p r o b l e m  i n  e l e c t r o n i c  packagina wero solved thrcugh t he  cse of h e a t  z i p e s  are  
desc r ibed .  

tip78 21007 S'21WIITr;rTED ELZCTXONIC -3AxAV SCATTERI\IG :?J Cs VkTOR: X SI.XPLE TCTABLE U S E S  
SYSTSM ?OR T F I  2 . 7  TO 3 . 5  .XCPON X G i C N  

Co t t e r ,  D., Banna, D.C., (Southampton Vniv., Soutiiampton, England) , O p t i c a l  and Quantum . - 
E l e c t r a n i c s ,  V 9 : 3 9 0 - 3 1 8 ,  Yov. 1 9 7 7 ,  Res. Sup?. by 2aul  I n s t r m e n t  ? * n c ?  and S c i .  X e s .  
c o u n c i l ,  478-12440 

S t i a u l a c e C  a l e c t r o n i c  X m a n  s c a t t o r i n q  ' S E R S )  i n  3 t ~ m i . c  vz?ors ?roviCes a s i x p i s  
xret2od of ex tend ing  t .e tuning rances of ? u h e d  &ye l a s e r s  *Jell into t k e  i n f r a r s d  reg ion .  
zne s j e c i a i  ad.rant=ges of  t h i s  tec;?nique i n  corqarisori y i t k  ;t:?er :y;es of  * * * -  ,,,a,,- 
i n f r a r e d  i a s e r s  a re  discrrssea,  and a r e  i l l u s t z a t e d  by .descr:hing a 32:X system which 'Jses 
a nodes t  r,it:opes Laser-pvuped i y e  l a s e r  (about 20  kd). This  j roduces  isfra:ed r a d i a t i o n  
t*m.aSie from 2.6 ;  :s 3 . 4 ;  x i c r s n s  by sZ?s ic cesiun vapor,  which is ccn ta i ced  i n  a hea: 
p ipe  oven. ?hoton conversion e i z i c i e n c i e s  of  u;, t o  53  s e r c s n t  rre ob ta ined .  The h e a t  
?i?e oven d e s i q n ,  s y s t e a  a c e r a t i o n ,  and op t imiza t ion  of s - e r imen t i l  parameters a r e  
d e s c r i b e d  i n  d e t a i l .  

* 

-. 
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This  paper  Cescr ibes  t h e  Cegign, cons t ruc t ion ,  electrical  per fornance ,  and tSemal 
c h a r a c t e r i s t i c s  3f a unique 100 X ,  1-30 v, 500  d i s s i p a t i o n  Y?w t z a n s c a l e n t  t r a n s i s t o r .  
The teen " t r a n s c a l e n t "  d e s c r i b e s  t h e  use o f  in tegra l  h e a t  p ipe  coo l ing  f o r  inproved 
performance. Taraileters d i scussed  i n  t!!e paper are t h e  g a i n ,  vo l tage  r a t i n g s ,  C-Lrrent 
r a t i n g s ,  turn-on and turn-off  tiines , tSermal iapedance, as w e l l  as t h e  the -na l  
computations 3 r  Lie t r a n s i s t o r  and i ts  Sea t  gipes .  T.Fe s a f e  gpe ra t inq  a r e a  of t h e  
t r a n s i s t o r  i s  a l s o  presented  and t h e  characteristics of  the device  a r e  discrtssed for t h e  
swi tch ing  of  2 4  kVA i n t o  a r e s i s t i * r e  load.  This t z a n s i s t o r  has s c t e n t i a l  a ? p l i c a t i o n s  
both t o  i n d u s z r i a l  ma n i l i t a q  squi3men: i n  sower condi t ion i r iq ,  vo l t age  r e q u l a t i o n ,  nozor 
raced  contz91,  arc suppress ron ,  a m p l i f i e r  and aower switchinc; a p g l i c a t i o n s .  

8P78 24010  ELECT3ONIC EQUIP."IENT COLD PLATES 

Peldmanis, C . J . ;  ( A i =  r'orce F l i g h t  Cynamics LaS, Wright-Pat terson Xr-3, 081 , S i n a l  .9ept., 
June 1975-Xpril 1976, 4 5 3  p. 

Exper i zen ta l  and a n a l y t i c a l  work have been g e r f o m e d  to i n v e s t i g a t e  c a p a b i l i t i e s  and 
t h e r n a l  ?e r fomance  c h a r a c t e r i s t i c s  o f  co ld  2 l a t e s  :or e l e c t r o n i c  equipment cool ing .  The 
effort i nc ludes  a i r - coo led  c o l d  p i a t e s ,  l iqu id-cooled  c o l d  p l a t e s ,  and co ld  ?lates 
provided wiLi h e a t  g ipes .  D i f f e r e n t  des igns  w e e  s e l e c t e d  for each of t h e  t h r e e  
c a t e g o r i e s  and Lie-qal t e s t s  a t  d i f f e r e n t  cbolan t  flow and equipment 2ower d i s s i 2 a t i o n  
rates performed. E t  has been shown t!iat l a r q e  anounts  of equipment r a s t e  h e a t  can be 
tanoved by t h i s  cool ing  technique ana che-rxal s e r fo rnance  accu r s re ly  p r e d i c t e d ,  
p a r t i c u l a r l y  wi th  computer-aided a n a l y s i s .  

9P78 2 4 0 1 1  AP?LiCXTION O F  HZAT PI?PS IN PLZCTXONIC !4OOLZES 

Nelson, L.X., Sekhon, K.S., Rut tne r ,  L.E., (Huqhes A i r c r a f t  Co., F u l l e r t o n ,  C X ) ,  3rd aea t  
Pipe Conf Tech. Papsrs ,  Pa lo  Al to ,  CA, p. 367-372, Nay 22-24, 1378, XU, I n c . ,  New Vor.k, 
XY, A78-35625 
Ava i l  :X;W 

t3 h e a t  p i a e s  develo?ed for t h e  the-Tal  contz? l  s y s t e m  of t h e  7;s Yavy's Standard 
E l e c t r o n i c s  Yadaie (SZX). The h e a t  p ipes  d iscussed  he re  are f ab r i ca tEd  of 5ery l l iuzI  
copper  arid anplzy z e t i a n o l  as t h e  w o r k ~ n g  f l ~ i d .  T e s t i n g  of one hea t  p i p e  s y s t e m  f o r  t h e  
SEX i n d i c a t e s  t h a t  che cooled  mocule s a y  be ouera ted  It up t o  20 watzs t ? t a l  power 
d i s s i ? a t i o n  wrtiiout exceeding t h e  cr i t icei  component t enpe ra tu re  of 100 C. 3eat p ipe  ca rd  
guides  capable  of  i n t e r f a c i n g  with e x i s t i n g  harswara ana provid ing  a hea t  t r a n s f e r  rate in 
%!e range of 500 t o  600 watts have a l s o  bees leveloped.  

The e e s i g n  of n e a t  p iFes  :or c i u c u i t  cards is  d i scussed ,  w i t ? ?  s p e c i a l  a t t e 9 t i o n  j i v e n  

- -... 3B78 24012 DIZIECT SZAT PIPS COOLIXG O F  SE.XI-CONDUCTOR DEVICES - 
Selson ,  L.X., Sekhon, K.S., f r i t z ,  ;.E., (iiuqhes A i r c r a f t  Co., ? 'u l le r ton ,  C A I ,  .3rd Heat 
Pipe Conf. Tech. ?a-,ers, Palo Al to ,  CA, p. 373-376, Xay 22-24, 1378, A i U ,  I nc . ,  X e w  'iork, 

Avai l  :AI= 
A h e a t  p ipe  system has been used t o  reduce by as nuch as 33 3ezcent  t he  t h e m a l  

r a s i s t m c e  fiom junc t ion  t o  case i n  a se.ai-conductor. D i f f i c a l t i e s  i n  u t i l i z i n g  n e a t  
? ipes  t o  cool : rans is tor  j unc t ions  inc lude  the phys ica l  ?roblern of apply ing  a wick t o  
b r ing  t h e  working :::id i n  con tac t  wi th  <?e ; m c t i o n ,  :he che.zLica1 ? r o i l e n  3f f l u i d -  
t r a n s i s t o r  m t e z i a l  i n t e r a c t i o n s ,  and t h e  eLac=:ical i n t e r f e r e n c e  :Sat xay be cacsed by 
t h e  neat p ipe .  Develocment of  f i b e r  wicks and high-performance powder wick3 f o r  ?owe: 
t r a n s i s t o r s  i s  given ? a r t i c u l a r  cons ide ra t ion .  

XY, A78-35626 
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d i r e c t e d  toward a t x d i e s  of  improved s i iq l e -phase  coo l ing  s y s t e n s  fsr gower trmsfsrme:s,  
includiAq t h e  eeirelopmenr of a nore ?:scz;e technique tor s o d e i i n g  :hernosyphon flow t?d 
its a p p l i c a t i o n  t3 t h e  des ign  of f inned  aiumrnun t z a n s f o r a e r  r a d i a t o r s .  The use of txo- 
phase h e a t  : ransfer  techniques  was considezed i n  ? a r t i c u l a r  cietail for a g p l i c a t i o n s  xhere  
e f f e c t i v e  heat rejetzion is d i f f i c u l t  using o x i s t i n g  technolocy . For L?derground 
t r a n s f o m e r s ,  r e f l u x  cinaense: s y s t e n s  were considered a s  a ,leans of i n c r e a s i n g  load  
c a p a b i l i t y .  I.-. ? a r t i = s i a r ,  h e a t  p i p e s  l i n k i n g  Lhe t r a n s f o r x e r  t o  sur rounding  s o i l  we=% 
found t o  be an o p t i x a l  s e thcd  of cooi ing .  s d d i t i o n a l  k e n e f i c  of this t:snsfomer 
coo l inq  i n v e s t i g a t i o n  w a s  Cevelo?ment of two poss ib l e  methods of measurang co re  and c o i l  
t e n p e r a t x e s .  These met!!ods and t h e  des ign  of the zeasu r ing  equipment a r e  d i s c a s s e a .  

Shkilev, V.D., aoloqa, Y.X.,  Xarin, D.V. ,  (Kishinev.,  3SSaO:, Electzor.. Obrab. .xater., p. 
61-64, 1977 

Xo a b s t r a c t  w a i l a b l e  

xp7a 24015 HEAT ? r im c-JT SIZE OF HIM-POWER SE.X-CCNDUCTOZS 

Smoluk, G . ,  Design N e w s ,  V 33:54-63,  N22, 1377 
210 a b s t r a c t  a v a i l a b l e  

XP78 240 If INTS:ISIFICATION O F  COOLING FOR LOW-VOLTAGE EXCLOS23 INDUCTION YOTORS 

T ; l b i s ,  ?.9.,  Fanar ,  Y . S . ,  Sov. Zlectr .  Sngnq., V 47:35-101, N10, 3 refs, 1376  

conducting f i l l e r s ,  heat  g I p e s ,  and xacer a:e considered. Xesul t s  of an e - q e r x e n t a i  
i n v e s t q a t i o n  ars rsportaa. 

Yethods fo r  i n t e n s i > i i n g  coo l ing  of  induction z o t o r s  throuqh the )use of hea t -  
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I I I .  HEAT PIPE THEORY 

I .  

3P78 30013 DESIGNING EVAPORATI'ZE T H E X !  Si?SONS FOR OSI: IN TSE2KOELECTXIC DEVICES 

SerZiev,  H.G.,  (Dagestan ?olytach.  I n s t . ,  USS.?), App1 Solar Energy, USSR, Engl. T r a n s l . ,  
V 13:1l-16, X 2 ,  11 r e f s ,  1977 

ccmputatronal  r e l a tLcnsh ips .  .I nethod of designing evapora t ive  the -na l  sL?hons f o r  
t n e r n o e l a c t r i c  instruments  is proposed. 

Resu l t s  a r e  repozted fo r  e x p e r i z e n t a l  i n v e s t i g a t i o n s  sized a t  val iCatzng 

HP78 30014 TEXPEIMTURE .LuD HEAT LOAD DISTXIBUTION I N  3OTXTIXG HEAT ?I?SS 

Daniels, T.C.,  Al-aa.k3arnah, S.S., (Swansea Univ. Co l l ege ,  Swansea, Wales) ,  3rd Beat ?i?e 
Conf. Tech. Papers ,  ?a10 Al to ,  CX, p. 170-176, .xay 22-24, 1973, XIXI\, I n c . ,  ?Jew York, X Y ,  
A73-35600 
Avail : A L G  

t h e  e f f e c t  of func t ions  such as concen t r a t ion  of noncondensable qases ana pipe of workiig 
f l u i d ,  condenser w a l l  m a t e r i a l ,  and coo l ing  xedi-m. .I p r e d i c t i o n  of t h e  heat .  r n j e c t s d  
:atio between a condenser o p e r a t i n g  wi th  non-condensable gas p re sen t  to that  w i t 3  ?ure  
vapor is given.  The working f l u i d s  considered were a x t o n  113 and acetone and t h e  2on- 
condensable gases  were r r i t s g e n  and carbon dioxide.  The t h e o r e t i c a l  ~ 5 U l t 5  ob ta ined  were 
checked with some e-perineatal resul ts  us ing  t:ie &ove fluids and an agreenent  was obtained.  

EP78 30015 .L,OW-TEX?CRhTORE XEXT ?I?ES WITH VAPOR INJECTION 

Gsrasiinov, I.?., Xiseev, V-X., Yaidanik,  I .?. ,  3 o l q i r e v ,  I.E., ( U r a l ' s k i i  P o l i t e k h n i c h e s k i i  
I n s t i t z t ,  Sverdlovsk,  L'SSTt), r.?thenerno-~izic, ieskii  ZSu*nal, V 3 3 : 5 7 3 - 3 8 0 ,  O c t .  1977, In  
Russian,  k73-2115i 

T 3 e  t w o  h e a t  ?i?e s:rsteFs wit!! a low-grsssure i n j e c t o r ,  examinec i n  t h e  a r e s e n t  ?ape:, 
reduce a p p r e c i a b l y  t h e  h y d r o s t a t i c  pressure of t h e  l i q u i d  c o i u m  wizkout Cecreasing the  
Z i s t ance  o f  h e a t  t r a n s f e r .  
vapor condensation and aakes the n e a t  t r a n s f e r  agen t  c i r c a l a c e  in a closed c m t o u r ,  
thereby c r e a t i n g  f avorab ie  cond i t ions  for opera t ion  i n  a g r a v i t a t i o n a l  S i s l d .  In  the  
o t h e r  systern, ?he i n j e c t o r  a t m i z e s  &be l i q u i d  column i n  t h e  condensata Line and cisc-lates 
t h e  h e a t  t r a n s f e r  agent  i n  :he f o m  of  a l t e r z a t i n g  Liquid ana va?or c o l u m s .  The absence 
of a compact column reduced s i g a i f i c a n t l y  t h e  h y d r o s t a t i c  r e s i s t a n c e  i n  :;?e no t ion  of t h e  
condensate t o  t h e  a v a p o r i z a t i o n  zone. 
a r e  p l o t t e d  for var ious  o p e r a t i n g  cond i t ions .  

An a n a l y s i s  is proposed f o r  p r e d i c t i n g  t h e  condenser w a l l  temperature  p r o f i l e  showing 

In  one system, the Low-pressure i z j e c t o r  provides  complete 

TSe heat  t r a n s f e r  c h a r a c t e r i s t - c s  af Sotn systsns 

Groil ,  Y . ,  >!uenzel, :J .D. ,  Supper,  !J . ,  ( S t u t t ~ a r t  U n i v e r s i t a e t ,  S t u t t q a r t ,  W. Gar-any), 
Savaqe, C . ,  (%SA, Surogean Space Xes. and TecS. C e n r r t ,  Xoor+dijk, Yetherlands)  , 3rd 3ear 
?i?e Conf. Tech. ? a p e r s ,  ? a l o  Al to ,  CX, p. 184-193, Xay 22-24, 1978, A1.M. ZIew Y o r k ,  X? 

Avail  :AI;W 
.An all-aluninlun a-xial qroove l i q - Z i C  t r a p  h e a t  p i2e  d i o e e ,  370 m iong and L O  .m 3 . 3 . ,  

has been developed with a for,Jard-moce gierfdnance of nea r ly  30 y m ,  ' h e n  a m o n i a  is x e d  
a s  t3.e vorkrnq f l u i d  a t  20 C. The diode is bendable,  o f  si.r.3ie G e s i 3 -  and ?erio-mar.ca. X 
%athemat i ca l  noae l ,  based on an enezqy Salznce f o r  ava?orator  2nd tzz?, ?.as been developed 

sxperl=.ental  r e s u l t s  are in qood agreenes t .  The t ine  f o r  complete snuticwn o f  t5e diode 
is of  %!e o r d e r  of  20 nin. T 5 e  r e s p e c t i v e  shut5own eneryy is  about  f o u r  wnr. .I reverse-  
no8e h e a t  f l c w  af & c u t  1.5 '4 has 5een measure<. Therpby a shutdown r a t i o  o f  about  300 
has been e s t a b l i s h e d .  

~73-3560 2 

f,= ---dim-. - - -xQ c?,e ==ans ien t  shur2cvn of t5e i i ode .  T k e o r e t i c i l  ? r eb ic= ions  acd 

21 
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two in hg wi th  water as the working f l u i d :  (3) t h e  a p p l i c a b i l i t y  of t h e  concs? t  would 
appear  t o  be more a t t r a c t i v e  where s o u r c e s  of r e l a t i v e l y  Cbe=?er tS2-mal ene:qy are 
a v a i l a b l e ,  such as solar energy  o r  w a s t e  i n d u s t r i a l  the-mal e n e r q :  ( 4 )  t n e  i d e a l  working 
f l u i d  shou lc  ?assess l o w  v a l u e s  of t he  h e a t  of  vapor -za t ron ,  h i q n  s p e c i f i c  volune of its 
vapor phase ,  and low s p e c i z i c  volume of ~ t 3  l rqu id  ahase. 

. HP78 30018 EFFECT OF ?XZ XXOL'NT O F  CC0)OLXUT CN T2E OPSPATZCN O F  XEAT PIPES N I T 3  XU 
IXHOXOGEXEOUS CA?ILL;MY S';RUC3JszE i Y  'TEE ASSZXCZ OF 30DY FORCES 

I v a n o v s k i i ,  X.N., Sorok in ,  V.?. , P r i v e z e n t s e v ,  V.V., [Physicopower i n s t . ,  Obninsk, C S S a ) ,  
High Ten?., V 15:736-74i, '14, 2 r e f s ,  Zuly-Xuq. 1 9 7 7  

power of h e a t  p ipes .  X z e t h o c  o f  c a l c - d a t i n g  Lie a l lowab le  amount cf u n d e r f i l l i n g  of tSe 
h e a t  p i a e  wit!! c o o l a n t  1s progosed on t h e  Sarzs of a model of  p a r t i a l  d r a i n i n g  of t h e  
c a p i l l a q  s t r u c t x r e .  

A s tudy  was nade of t i e  e f f e c t  of t 5 e  azount of cco lanc  on t h e  3iix~nu. t:ansfe:red 

n ~ 7 8  30019 XUALYSIS OF AXIALLY GXOOVED H ~ T  PIPS CONDENSE.S 

KamOtani, Y., (Goddard, X X A ,  Greenbelt, M3) 8 Progr. Ast ronau t .  Aeronaut. ,  V S6:37-S5, 
1977 

No abstract a v a i l a b l e  

8878 30020 EHD W T  PIPS: TIiEORSTICaL CONSIDE.UTIONS AND OESIGX 

Kikuchi ,  K., T a k e t a n i ,  T.,  S. Yxch. Enqng. Lab., V 31:301-313, N6, 1977 
No abstract a v a i l a b l e  

EP78 30021 COST-SFPHCTI'JENESS STUDY OF 3*2T ?I25 E A T  EXCILVCZ.3S 

Lil, D.C., F e l b a n ,  K.Z.:Zr,  (Cxiv. of N e w  Yexico, Albuquerque, ZJW, ASXE Wintsr  X.?ual 
Mtq. ?roc., X ; l k ? t a ,  S, 7 p. ,  Xov. 27-Dec. 2 ,  1977, X i S - 3 3 1 7 i ,  Xeraers, f L . 5 6 ,  
Non-menbers , $ 3 .  d o  

fzeon 11 for =?e t e z p e r a t a r e  range  from -23 C to 1 2 1  C ,  cop-,e=-dater f o r  38 C ta 2 3 i  C ,  
and carbon steel-dowt-e-rx for 120 C t o  400 C. a o p t z t i z a = i o n  csmputer procram Far t h e  
c o s t - e f f e c t r v e n e s s  v . a i y s i s  AS developed ,  uhici: taxes into eonsiCe:itLon t!!e c o s t s  f o r  
equipment,  l a s t a l l a t i o n ,  opera=aon,  an6 M i n t e n r c c e .  XI o?ti.?rr:at~on t x s n g l e  LS gzven for - 
a carbon s t ae l - eowt !e ra  X aeat pi?e hea= excnk?ger 6esiqr:ed t3 r eczve r  neaz Czom tSe 3 5 3 4  
s 3 / ~ n  of 316 C 5Lue gas  e x n a u s t i n g  f r o m  -,?e cn rve r sz ty  a e a t i n q  TlAnt 3 o r l e z s .  .. 

The i n i t i a i  c o s t s  of  :h:~_= Paces of h e a t  ? ipe  h e a t  excnanqers  a r c  ?,resented alunrnuin- 

HP78 30022 OZIE3ICTfOP.I OF SVAPORATOR T3.WERXTUP.E OF A --LOADED HEAT ?I?= SY THE 3I?FUSZ 
I-WNT XOCEL 

S h i m j i ,  S .  , ( Y i t s u b i s h i  Elec%ric Cor?. , m a g a s a k i ,  Zapan) , Kizura ,  !I., ( !? i ts l ls ishi  
S l e c t r i c  C a q . ,  Xanagawa, J a p a n ) ,  Y a t s u s h i t a ,  T . ,  ( Y a t ' l  S?ace 5eV'zent  Acency of Zapan, 
Tokyo, japan) ,  3rd. I z i .  ueat ? i p e  can? .  T P C ~ .  7apers.  3 a i o  A l t o ,  CX, 3. 155-16i, Yay  2 2 - 2 4 ,  
1978, UAA. I n c . ,  x e w  vork, XY, ~79-35598 
Avai I : Ai.= 

loaded  h e a t  T 3 e  s e t h o d  is ca?able  of sol-Jinu 5 3  ciffzse fzont  model of E&ra:Cs and 
.Xarcus for s p e c i f i e d  va lues  of both neat inpuc  and non-cor.densahls gas amount. The 
t e n p e r a t w e  of  e v a p o r z t c r  is ?-..cisel:; grec iczed .  This  -et.;,od of 2te:azive s o l u t i o n  
showed r a p i d  converjeRce rates i n  mst of =alc*dat:cns.  T S e  boundary c o n d i t i o n ,  :or =.'e 
vapor velocit::, which i a s  i n f l a e n c e  on %?e ?rediezed  t e z ? e r i t - = =  5~s'" - - - ~ u t r o n  ' ir: :he -ragor 
f z o n t ,  is set  53 2eet aczual o p e r a t i o n s  of <?,e h e a t  ?i;e. T S e  c a l c u l a t e d  r e s u i t s  snowed 
good agreement wi:n t!e confi,-sation experirient ? r e s e n t e d .  

X new method of  n u m e r i c a l  a n a l y s i s  has beo,?l deve loped  :a a i d  i n  t h e  des i -  of a cas- 
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shows very good agreement excep t ing  t h e  region where tSe f i l l i n g  gas  i s  condensed. In  
t!!is region a very s t r o n g  i n c r e a s e  of h e a t  condcccion i n  ethe foam xas  found. The reason 
for t h i s  a d d i t i o n a l  h e a t  t r a n s f s r  i s  comparable w i t 5  L!e mechanism o f  hea t  p i aes .  Using a 
s i m p l i f i e d  node1 of  t h e  s t r u c i a r e ,  t!!e gove-wing parametezs of t h e  a d d i t i o n a l  hea t  t z a n s f e r  
a r e  desc r ibed .  A netbcd of c a l c u l a t i o n  f o r  t h e s e  2azameters LS given.  The r e s u l t s  a r e  
compared w i t !  measurements of  a o l p x e t ; l k i e  foam. 

3P78 31016 C%LCULATION OF A HEAT PI?S OPPaXTIXG IY X F I X J  OF Y-XSS FORCES WHIcIf P?.EZEt-ENT 
TFS??S?ORT 5F T3E iiEAT-TXWS72,P ACZXJT TO THL E'i.A.F'OMTIGN ZONE 

Ivanovsk i i ,  X.X . ,  Aptekar,  9.F.. (Gmcdarstveznyi  Xomitet 00 I s s o l ' z o v a n i i u  Atomoi  
E n e r g i i ,  F i z iko -Zae rge t i chesk i i  I n s t i t o t ,  OSnxsk,  USSR) ,  T e p l o f i z i k a  V y s o k i a  Temperatur, 
V 16:109-116, Jan.-Feb. 1 9 7 8 ,  In  Xussian 

A mat3ernatical nodel is proposed for a beat t'&e which anploys a homoqeneous wick and 
an e s s e n t i a l l y  low-tenFerature h e a t - t r a n s f e r  aqen t ,  and which opezated xi== a 3 a r t i a l l y  
wet ted wick i n  a f i e l d  of nas s  fo rces .  The calc-alat ion of  h e a t - t - a e  2arameters  i s  
demonstrated by an example. I t - is  shown t h a t  h e a t  f l u x e s  a r e  much smaller i n  t h e  a re sence  
tSan i n  t h e  absence of  a f i e l d  of =ass fo rces .  The node l  progosed is seen t o  be well- 
s u i t e d  f o r  e v a l u a t i n g  t5e h e a t - t r a n s f e r  c h a r a c t e r i s t i c s  of h e a t  i ubes  and f o r  e x t z s c o l a t i n g  
test d a t a  froin c o n d i t i o n s  i n  the  presence o f  a f i e l d  o f  mass f c r c e s  t o  c o n d i t i o n s  i n  Lie 
absence o f  t h e  f i e l d .  

a 2 7 3  31017  EVAPQRATOR FILX COEFFICIZIJTS OF GXOOVED HEAT PIPES 

Kamor ma, Y., (Case Xestern .*serve Univ., Cleveland, CHI, 3 r d  I n t .  S e a t  P i p e  Ccnf. Tech. 
Pape: 3 ,  ? a l o  Al to ,  CA, p. 1 2 8 - 1 3 0 ,  Zlay 2 2 - 2 4 ,  1 9 7 8 ,  AI=, Izc., New York, NY, A i 8 - 3 5 3 9 4  
Avai : : X I U  

The h e a t  t r a n s f e r  r a t e  i n  t h e  s e n i s c u s  a t t a d b e n t  r eq ion  o f  a grooved hea t  a i p e  
evapora to r  is s t u d i e d  t h e o r e t - c a l l y .  The a n a l y s i s  shows t h a t  :he evaporz t ion  t a k e s  ? l a c e  
mainly i n  t h e  region where the  l i q u i d  changes its shape shaz?ly.  Xowever, comparisons 
w i t h  a v a i l a b l e  h e a t  c z a n s f e r  d a t a  i n d i c a t e  i h a t  t h e  h e a t  t z a n s f e r  r a t e  i n  t h e  nenisc?ls 
va ry ing  r eq ion  is s u b s t z n t i a l l y  reciucsci probably due t3 qroove u a l l  s i l r face :oucjhness. 

HP78 31018 LXETXOD ?OR CXLC'TIATIXG CTSTZADY COETVECTIVE HEXT T?.L?SFER I ? J  CSAiWELS O F  
Nox-czac t ia  CP.OSS-SECTION 

Tochubei, X.A., Fiadno, X . A . ,  (Dnepropetrovskii  Gosuaarstvennyi U n i v e r s i t e t ,  Dnepropetrovsk 
L'krsinian S S a ) ,  T e p l o f i z i k a  I Teplotekhnika,  p.  7 9 - 8 3 ,  2533, 1 9 7 7 ,  in .5ussian, XS8-22540 

unsteady boundary val..ae jroblem o f  convect ive h e a t  :ransf== i n  t h e  s t eady  flow of a 

d i s t r i b u t i o n  i s  d e t e m i n e d  by i n t e g r a t i n g  t5e enerqy equa t ion :  v e l o c i t y  p r o f i l e s  a r e  
d e t e r x i n e d  by simultaneous s o l u t i o n  of  L!e equat ions of  no t ion  and c o c t i n u i t g .  The mec?:od 
used can be app l i ed  t o  p iges  of e l l i F t l c a l ,  ? r i s n a t i c ,  r e c t a n g u l a r ,  and I t h e r  czoss- 
s e c t i o n  shapes t o r  t h e  case  of laminar  f low.  

The Kantarovich method ( 1 3 6 2 )  m d  t he  method of  c h a r a c t e r i s t i c s  a z t  used t o  s o l v e  t h e  

visc3ous incompressible  f l u i d  i n  a a i p e  of a r b i t r a r y  c ros s - secz icn .  Tezperature  a. 

8 2 7 8  31019  AXIAL P O I E X  L:.XTS O F  iiE.XT'?I?ES ET VERTICAL POSITION OPE2ATING Y I T S  GXTVITY 

X o j t a b i ,  A . ,  (CXaS, Aerothern.  L a b . ,  4 TER Xoute Des Gardes/F-42190 Xeudon, F rance ) ,  
Lettezs i n  x e a t  and 'ass T r a n s f e r ,  v 5:141-148, X 2 ,  1 9 7 8  

NO a b s t r a c t  a v a i l a b l e  

BO78 31020 J S T  .LYD )LUS T?AqSFE,P IY UXDEb'ELCPED 30ILI:JG I?J YEAT-TPANS~XITTIYG SLOT 
c3A?NE;s 

:Jovikov, P.x., LyuSin, L.Y., Snez.*o, E.K. ,  (Lykov insc. o f  S e a t .  an& Yass T r a n s f e r ,  Xcad. 
of S c i .  of the  9SSX) , J. Eng. Phys., V 3 1 : 1 4 2 3 - 1 4 2 9 ,  W6, 14  r e f s ,  5ec. 1976 

subl idl ing h e a c - t z m s f i r  nedirra as ordinar: heat aises i n  xhic.'. :he r o i e  o f  ethe i r ick i s  
played by the c l o s e d  slot = . ? m e l t  7 a r t i a l l y  filled wit? l i q u i d .  In  ? a r t i c * J l a r ,  t h e  
e f f e c t i v e n e s s  o f  such h e a t - t r a n s n i t t i n g  Cevices i n  :he s e p a r a t i o n  of Lie h e a t - t r a n s 5 e r  
medium i n  =he "ko t "  zone a f  a ?lant s l o t  qap is considerad.  

A s t u d y  i s  nade 3 f  t h e  u s e  of narrow :leat-t-ransinit=ing s l o t  =.'.anneb t i l l e d  with a 

>EX s ct's 
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f i l l e t ,  which has i n  a r e v i c u s  ana lyses  been a s s m e d  c o n s t a n t  i n  r a d i u s  of cur-;ature, is 
p e - m t t a d  t o  c'lange i n  th i ckness  and Cu-Tature :orisistent w i t h  hydrodynamics and h e a t  loss 
f r o m  t h e  groove. A node1 is developed f o r  acCurate de t e -mnaz ron  o f  tibe e f f e c t  of 
c m s t r a c t i o n  r e s i s t a n c e  on groove ?er$o.-mance. The grooved-snrface tests t o  be conducted 
are b r i e f l y  desc r ibed  w h x 3  w i l l  azovrde daca under c l o s e l y  controLled o g e r a t i o n  t a  3ilow 
ccmpa:ison and v e a f i = a t r o n  of  the ana lyses .  

UP78 3 1022 DYNAYIC CHX3ACTSRISTICS OF DOUBLZ-?I?Z SEAT EXC:IANGZRS WITS 30LlL3 ?HAS= CVkSCE 

S c h u l t .  X.,  Nayinger,  F., (Der T e c k i s c h e n  C n i - r e r s i t r t  Hanncver, Xar-?over, FXG) , 3 3 t h  
.4naual X i n t e r  Ntq. of ASXE, A t l a n t a ,  W, Xov. 27-Dec. 2 ,  1 3 7 7 ,  A S Y E ,  N e w  York, NY 

No a b s t r a c t  a v a i l a b l e  

UP78 31023 INV3STIGATION QF IIEXT T W S I S R  IN LxMI?J;U FLOW OF LIGZT TAR I N  AN i?.REGLURL? 
SdAPED CSILUNEL 

Semena, M.G., Xlimkin, Y . V . ,  (Kiev oo ly tech .  i n s t .  i ikrainian S S R )  , Heat Tzans fe r  Sov. X e s . ,  
V 9:127-133, N 2 .  a r e f s ,  Xarch-April 1977  

The  a p p l i c a t i o n  of h e a t  p i ?es  f o r  tar melt ing equi?ment is considered.  S-erimental 
d a t a  on h e a t  t r a n s f e r  in laniai.?ar f l o w  of t z r  bitur,en a r e  presence;,. .A m u l t i f a c t o r i a l ,  
n u l t i l e v e l  e - q e r i n e n t a l  desiqn was used. .Li r n t e q o l a t i o n  eqzazion f o r  t h e  h e a t  :ransfer 
coe f ' i c i en t  xas  s b t a i n e d  and :he e f f a c z  of variablz  v i s c o s i t y  an h e a t  t r a n s f e r  i n  an 
i r r e g u l a r l y  sha?ec? channei vas  e s t i n a t e d .  

Shcherbajcov, V.X., Senena, X.C., S h a r a e v s k i i ,  I . S . ,  (Kievsk i i  ? o l i t e k h n i c k e s k i i  I n s t i t u r ,  
Kiev, Ukra in i tq  S S X )  , Ts? lo fzz ika  I Teolotekhnika,  N29, 2 .  32-37,  1375, Seac Trans fe r -  
Sov. Xes., TI 9:111-119, :-larch-April 1 3 7 7 ,  -178-30499 

No a b s t z a c t  a v a i l a b l e  

ZP78 310 25 mE YEXT TZVL\ISER 3 Y  3 0 I L I X G  I N  SBLITS, C:dILLXRIZS, K C R  JTRL'CTUES 

Smirnov, C- P . ,  Koba, A . L . ,  Afanasev, B.A., (Odessa B e i r i g e r a t i o n  Tech. Inst . ,  Odessa, 
Ukrainian S R )  , 3rd In:. Bear ?i?e C m f .  Tscn. Pape r s ,  Palo Al to ,  CX, 3 ?. , Xay 12-24, 
1978,  AI= Inc. ,  ?Jew Yoric, NY, A i s - 3 5 6 3 6  
Avail :AI&\ - 
s i t u a t i o n s  are  s t u d i e d :  (1) S o i l i n g  i n  capi l lary-wick str?ict.~-es bonded t o  a w a l l ;  and - 
( 2 )  b o i l i n g  i n  capillar:r-vick s t z u c t - z e s  sesarate", f:m tze wa i l .  :?.e analogy with 2ooi 
b o i l i n g  i n  t3e h c r i z o n c a l  s g l i =  is ?reposed for  t k e  l a t t a r  s i r u a t i o n .  The zethods and 
r e s u l t s  of exaeri:,iental i 3 v e s t i g a t i o n s  of 7001 ' s o i l i na  i n  h o r r z o n t a l  s p l i t s  and c s p i l l a r y -  
. r ick s t , -uctures  'sounded :o t he  wall ars presented. ?>e e.x?er:xencal 2 a t a  ob ta ined  by t h e  
a u t h o r s  and ? re sen ted  i n  the  l i t e r a t u r e  a r e  qene ra l i zad  on the  basis 3f  sroposed 
approximatad aodels. 

The 9: j s ica l  i d e a s  of b o i l i n g  i n  capilla-T-wick s t ructr t -es  a r e  aroposed. Two sain I' 

. 
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I III. C. E'LSID FLOW 

HP7a 32004  AXIALLY GZOOVE3 HVJT P I T S  STUDY 

(B and K Engng., Inc. ,  Towson, .XI)), !?ASA-C3-156678, 3K012-1009, YX5-22562, 1 0 3  p., 1 9 7 7 .  
N 7 8 - i 6 3 1 i / y S L  

of -L ie -a r t  is  reviewed and 2resar.t and h t u r e  r equ i r znen t s  a r e  i d e n t i f i e d .  a n a l y t i c a l  
node i s ,  t he  groove a n a l y s i s  ?rogrsn ( G A P !  acd a c losad - fom so luc ion ,  were dev+iopec t3 
f a c i l i t a t e  ? a r a n e t r i c  ?e r fo rxance  e v a l u a t i o n s .  Gd? prov ides  a nmerical s o l u t i o n  of t h e  
d i f f e r e n t i c i  equa t ions  which govern t h e  hydrodynamic flow. The nodel accoun t s  f o r  L i q u i l  
r e c e s s i o n ,  l i qu id -vapor  s h e a r  Lnce rac t i cn ,  puddie f lm, a s  well a s  l a n i n a r  and t x b u l e n t  
vapor flow cond i t ions .  The c l o s e d  f o m  s o l u t s o n  was developed t o  reduce computation tixe 
and ccm:,lexit'$ i n  2 a r m e t r i c  e v a l z a t i o n s .  I t  i s  a p p l i c a b l e  t o  laminar and i d e a l  charge 
c o n d i t i o n s ,  l iq- l id-vapor  s h e a r  i n t e r a c t - o n ,  and an e m p i r i c a l  l i q u i d  flow f a c t o r  srnich 
accounts  t'cr groove gaomecrj  and liquid recession e f l e c t s .  The v a l i d i t y  of -,he closed-  
f o m  s o l u t i o n  is v e r i f i e d  by conparison wi th  GAP p r e d i c t i o n s  and neasured d a t a .  

I 

X technoloqy e v a l x a t i o n  stxdy on a x i a l l y  grooved h e a t  p ipes  is ? resen ted .  The s ta te-  

HP78 32005  TEE DRY-OCT LIAXITS OF G2AK.TY-ASSIST BEAT TIPES WIT3 C.UILUXY FLOW 

3usse ,  C.X., (Euratom and Comitato Nazionale p e r  L 'Enerqia  X u c k a r e ,  Centro Comune d i  
Ricerche,  Ispra,  I t a l y ) ,  Kenne, J.Z., (Univ. o f  C a l i f o r n i a ,  Los Sarnos, NM) , 3rd I n t .  Ueat 
J i p e  Conf. Tech. ? a p e r s ,  lalo Alto,  CA. p .  4 1 - 4 8 ,  Xay 2 2 - 2 4 ,  i 3 7 8 .  AI=, Inc . ,  N e w  York, 
NY.  X78-35383  
avail  : A I L 4  

Dry-outs of cwo d i f f e r e n t  kinds can occur  i n  q r a v i t y - a s s i s t  h e a t  9i;es with c a p i l l a r y  
fiow. An exczss  of h y d z o s t a t i c  d r i v i n g  f o r c e  can l e a d  '10 a receding of  t k e  z e n i s c i  into 
tSe c a p i l l a r y  s t z u c t u r e  and an "azimu=hal L-y-out" c h a r a c t e r i z e d  by a cancen t r ac ion  of t he  

o u t  nost l i k e l y  occur s  l u r i n g  start-ti:, and disappears  a t  h ighe r  h e a t  f l uxes .  I t  can be 
?revented x s i n g  a qraded c a p i l l a r ?  s t r ' x t x e  o r  a homoqeneous ca? i l l a ry  struc:xre w i 5  
a s t a t i c  c a p i l l a F j  r ise,  which sxceeds che highest ? o i n t  o f  z.ie e v s ? o r a t o r .  A l a c k  of 
h y d r o s t a t i c  d r i v i n g  for==,  on t h e  o t h e r  hand, l e a k  t o  an " s x i a l  dry -ou t , "  which is  
c h a r a c t e r i z e d  by 1 l a c k  of a x i a l  l i q u i d  r e t u r n .  If  t h e  h e a t  ?ice has a l i q u i d  3001 a t  t k e  
b o t t o m ,  t h e  reachizg of  the a x i a l  dry-out l i m i t  i n  t h e  c a p i l l a r y  fiow Zode r i i L  z a n i f e s t  
i t se l f  a s  t h e  beginning of  a 9001 :ransfer and an e v e n t u a l  t r a n s i t i o n  to a new s t a t i o n a r y  
s t a t e  w i = i  nuxed c a p i l l a r y  and f z e e  flow. The bas i c  equa t ion  f o r  t h e  axia?. dry-out is 
d e r i v e d  and r e s o l v e d  for a s i n p l e  case. The role of i n e r t i a  f o r c e s  and entzainment is 
T o i n t e e  ou t .  

1'- *,uid flow on t ! e  lower ? a r t  of  +&e c i r c -mfa rencc  o f  t!!e h e a t  ?i?e. The azimuthal  dry- 

- 9 3 7 8  32006  THE SUi?S?SSONIC ?LOW OF VAPOR IN TXE CONEENSATION ZONE OF 3IGi?-TE!GE-3ATEE H E X  
PIPES 

Sys t rov ,  ? . I . ,  ?opov, A . N . ,  (Akadeniia !?auk SSSR, Xoscow, C S S X ) ,  3rd I n t .  Xeat ?i?e Conf. 
-ech. ? a p e x ,  Palo A l t o ,  CA, p. 21-26, Xay.22-24, 1 9 7 8 ,  A I M ,  Inc., Yew York, I Y ,  X78-35580 
Avail  : d I M  

condensat ion zone o f  h i r j n - t e q e r a t u r e  h e a t  aipes. The s q u a t i o n s  a c c a m t  f o r  
c o m p = e s s i 3 i i i t g ,  f r r c t i o n ,  vapor v e l o c i q  a r o f i l c ,  non-uniforn ?ass s u c t i o n ,  and 
i e n p e r a t x e  decenlence.  Vapor stat2 2s desc r ibed  5 y  e c u i l i b r i L v  two-shase flow model. 
The nethod is t e s c e d  f3r a su?ersonic  vapor flow in s o d i m  h e a t  p i aee  wich va r ious  coo l inq  
i n t e n s i t i e s .  Good agraement i s  found between c a l c u l a t i o n  r a s u l t s  and e q e r i n e n t a l  da t a .  . 

..n 

X c a i c u l a t i o n  2rocedure i s  developed for t h e  supe r son ic  ,Clew of vapor i n  t h e  

.. . . 

s ? 7 8  32007 SilOc:< :gAbTS IS TEE VAPOR ?LOW OF BEAT PIPES 

3ys:r?v, ?.I., ?,,?ov, A . X . ,  Te? lo f i z rka  'I:rsoki!<h Tc-eratxr, '7 5 6 : 1 3 7 - 1 4 2 ,  Jan.-?eb. 1 9 7 8 ,  

c-ndeasat ion zone o f  a :?eat ?i?e on ti19 basis of  squa t ions  o f  motion averagec xi=?? ressect 

2 r a f i L a .  the compress;kilit:r and f z i cz ion  of  t3e va?or f l o w ,  ana the  non-sm;forxi=-~ 3: 
heaz ze'sasa. .L? s q u ~ l i j z : m  =sro-?hase zodel  is ,isec? t o  2 e s c r i 3 e  =>e s t a t =  3f :he *<-aaor. 
3iagruns s.'.cwi:g :he i i i t z i 3 u c i o n  if :he .rapor sars izeters  along :?e lesgzh 3: a sodijm 
? e a t  F i ae  srz  Tiiscussed. 

C Z  3 2 s s i . a ~ .  A-9-32714 
X uiet!!od is  aroposed f o r  c a l c u l a t i n g  supersonic  vapor flows and shock r a v e s  in tSe 

_- -i -..e :>ar-nei = = ~ s s - s e c t : ~ n .  "e oq-az;or.s taka r n t o  c o n s r e e r a t i o n  :he = s a l  - ie loci=y 

. 
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Eastman, G.P. ,  E n s t ,  D.M., (Themacore ,  Inc . ,  Lzola ,  PA), 3rd  I n t .  Heat ? i p e  Conf. Tech. 
?ape r s ,  Pa lo  Alto, CX, p.  268-273, xay 22-24 ,  i .970,  A I M ,  InC., X e w  York, XY,  A78-35613 
Avail  :Ai= 

Xathemat i cd  nodels  are c o n t r a s t d  w i t ! ?  empi r i ca l  d a t a  i n  an e f f o r t  t o  d e s i 9  h e a t  
p ipes  us ing  high ?e r fomance  wick s t rx tczes .  Objec t ives  a r e  an i n p u t  ?owe= d e n s i t y  O f  
100 w/cm2 arrd an a x i a l  ?owe= d e n s i t y  of  iO.000 W / C I ~ ,  -d i t$  an o p e r a t i n g  t enpe ra tu re  o f  u;l 
to ;600 C. A t t t n t i c n  is gi*.*en :9 =;le ?er fo=aa?ce  01 f i n e  ?or2  powder n e f a l  wicks W i d 1  
i a t e g r a l  low loss IiqqJid flow ?assages (bot;? a l k a l i  ace i n t e q r a l  n e t s 1  vo rk ing  f l u i 2 s ) .  
Laminar and t x r b u l e n t  flow p a r m e t e r s  a r s  a l s o  considered as a func t ion  05 ?erSo,?ance. 

UP78 32010 TXE .YA.?.XVGCNI EFFECT .LUD CX1ACITY DEG2ADATZON I N  XXIXLLi  G 2 O C V E 3  9 M T  PIPES 

Eninger ,  J . E . ,  Yarcus, B . C . ,  (T-W Defense and Space S y s t e m  Group, Redondo aeach,  CX) , 3rd 
I n t .  Yeat P i s e  Conf. Tech. Papers, 2 a l o  Alto, CAI  a .  4 1 4 - 4 1 7 ,  May 22-24, 1973, XM, I n c . ,  
S e w  York, NY, 2.78-35633 
Avai l  :AI= 

observed c a p a c i t y  degrada t ion  i n  gas- loaeec  -razzrbla-conductmce axiall ; .  qroove5 h e a t  
a ipes .  TSe t sn t e ra tx re - induced  sur f=ce-cans ion  qracienc i n  t h e  gas-klocked ?orZion 3f 
condenser e i v e s  a r a c i z c d a t o r ~  t l o w .  T h e  azessure =:rap associac+c', w i th  i f  s.&t=ac+S 
fram t!!e c a p i l l a r ;  a r e s s u r e  a v a i l a b l e  t o  d r i v e  t h e  condensate r e tuzn  i n  t h e  a c t i ~ e  r eg ion .  
X a a t S e a a t i c a 1  =de l  is ? r e s a t e d  ana tSe r e s u l t s  a r e  com?ared t o  e q e r i n e n t a l  
neasurements . 

The .Xarangoni e f z e c t  is j ropose?  a s  =!e granary mechanism r s s?ons ib l e  f o r  t h e  

G r o z ,  S.X. , ?3&simeniuk, I . X . ,  ChelabChi, V . N . ,  (Kiev, IStr t ' J t  Wat+matr:c~ M USSR) , 
so luc lon  of 3ouncar; '?alae ? z o b l e ~ s  by xeeans of  Xazhematrcal Xodelrng, 2. 38-31,  1976. 
i n  Xussian, A7a-253a2 

NO aDst rac+ a v a i h o i t  
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I V .  A. GEXEEW, 

8P78 40010 X RE-ZXTP-LVT GZOOVE SYDROGZX H E . T  T I l E  

Alar id ,  J. , Kosson, a., XcCreight, C., ( G r u - ~ a n  Aerospace Co&q. ,  Zcthpage, !IY) , (XASA,  .LTes, 
.%ffe t t  F i e l d ,  C X ) ,  3rd i n t .  3eat ? i p e  Conf. Tech. 'agers ,  l a l o  Alto, CX, 3 .  19.1-202, 
.My 22-21, 1973, A I M ,  Snc., New York, XY, A73-35603 
Avai l  :AI= 

g ipes .  Paramet r ic  ana lyses  a r e  ? re sen ted  whick opt imize  tSe t h e o r s t i c a l  des iqn  wh i i s  
. cons ide r ing  t3.e l i m i z a t i o n s  of stat?-of-Lie-a=+ ext,-?lsion technolocy . Acceptabls  
product ion-type r 'ms of  exzruded l eng t5s  (over 300 a) could o n l y  be achieved a t  =he 
e-ense of a wider  noininal groove openrnq than s p e c i f i e d  (0.33 ini i  vs. 3 . 2 0  m). Sowever, 
dimensional  v a r i a t i o n s  o f  o t h e r  c r i t i c a l  dinensions ve re  w i t k i n  0 .05  mm, which exceeded 
expec ta t ions .  The 6063-T6 aluninum ex t rus ion  i s  14.6 m OD xiLi a w a l l  t h i c k z e s s  c f  1 . 6 6  
mm and c o n t a i n s  20  a x i a l  grooves which surround a c e n t r a l  9.3-rrm-dim. vapor core .  Each 
axial groove is 0.775-m-diam. wit!! 3 0 . 3 3  rn openin?. &I excess  vaaor  res*r-roir is 
provided a t  the evapora tor  t o  a ini inize the  a re s su re  containment hazarc! 5ur ing  amj ien t  
s to rage .  Details of tSe  in s t rumen ta t ion  and helium-cooled z e s t  i z s t a l l a t i o n  are also 
presented .  

This  paper  ex tends  t h e  development o f  r e -en t r an t  groove t e c h n o l o q  t o  hydrcgen h e a t  

-- .- 

tktmick, D. , LceC%s, E., ( T W ,  RedonBo 3each, CAI ,  (SXSA, Savis ,  Cleveland ,  OH), T3W 
sales EO. 31 i32 .J9 ,  XASX Contracz 30. YAS 3-23872, 3ec. 1377  
Avail  : TAC 

'3e second ?!?rse o f  an  c : p e r i z e n t a l  2rogra;n t h a t  l a s t s 2  22 z o n t h s  to eviaLsate 
xn-c3cde? .sa j le  ?as zece rac i cn  i n  .-m.onis heat -Jiaes has =een ccnple=ed = y  :x:q 2=fenss  and 
Specs 3 y s t e 3 s  Gz302. 3rt-y-t:Jo 2 e a t  ?i?es xale of Z~~:Z~?.,LT, szsixlass s c t e l ,  C T  
C O G - ~ ~ ~ Z K F O ~ S  of tSose macerials were o p e r s t e i  a t  d i5fs renc  :szseret-:ss .-ne iangt:-..s sf 
:iixe, and tes te< a t  t e n s e r a t x e s  r x q i n g  from -50  c to LO c t o  q u a n t i t a t i - i s i y  ~ ~ : ~ = ~ i ~ e  
gas  Fene ra t ion  :=tes. :n o r d e r  of i x r a a s i n g  stmil:=:/ a:? a l , ~ ~ i a ~ ~ ~ / s = a i z l e s ;  st00-i 
cDrAinct ion,  a l L - = L m i z ~ ~ ~  an8 a l l - s t t i n i e s s  attel sol~rP-nt-clea::e~ seat ? ipes .  It is 
conciaced  that sol-zent-cleaning fo r  bot2  all-zl.xix*&: and all-stainless sts& h e i t  ?i-,es 
yielzs lower  long-<e--;, ?as g e n e r a t i o n  tSan ckemical c l e a n i n c .  

-- - - 
.m. 

%Pi8 40012  H W T  P I X  CAP.4BLE O F  OPCiL4TI?.IG AGiXST G-UVITY .LUD STXUCTLXS LTIL12IXG SA!! 

S a s i u l i s ,  .A . ,  CS ? a t e n t  20. 4 , 0 5 7 , 9 6 3 ,  NOV. 15, 1977 
Xvai1:Patent  Of f i ce  

and an  a d i a b a t i c  s e c t i o n  s e ? a r a t i n g  the two so t h a t  c a p i l l a r y  wicks or grooves do n o t  
ex tend  throuqh tho S e a t  p ipe .  A ce.?cral l i q u i d  retur:: :-&e exzends  betxeen =>.e 
evapora io r  anC condenser. A vapor bubble qenerator  is ?,laced a t  she condense: secc ion  i n  
th.r reservoir where :he l i q x i d  s ta te ,  of  t h e  working f l i l i d  z o l l e c t a .  :<hen :he -rapor b ~ b b l e  
g e n e r a t 3 r  i s  c?erazed,  b c j b l e s  :om xnich ,  iecause  of <lei= buoyancy, w i l l  rise 'io che zog 
of tke  c e n t r a l  t y l j e .  As they  r i se ,  sinal!. amounts of xoricin? f l u i d  i.? its licuil star= w i X  
be c a r r i e d  i r ich  t i e  bui7bles an& spill over  the t cp  of zhe :*lje and onto  :>e avaacrator  
wick. As a cocseqcence, t h e  h e a t  p ipe  is i n s e n s i t i v e  t3 i t s  v e r t i c a l  he ight  an& can 
o p e r a t e  a g a i ~ s t  g r a v i t a t i o n a l  fcrces. 

A h e a t  p ipe  has its evapora to r  a t  ics upper end and i t s  condenser  a t  i t s  lower and, 

. 

27 



9378 40011 COAXIAL .YET.ALLURGIC.U. JC-NCTION, ESPF,C:XLLY FOR THE.SMiONIC CONVERTERS, STECIXf, 
E'URSACES ZY TIIE VACLVIY T Z c d N X Q E  

Belicic, N., Garman (FIIG) Pa ten t  no. 2,347,203,  Nov. 2 5 ,  1 9 7 6 ,  In %-man 

d i ' c i c u l t i e s  if t h e  ? a r t s  have Z i f f e r n n t  c o e f f i c i e n t s  of zhe rxa l  t .Fans ion  and a r e  
s u b j e c t e d  t o  an a d d i t i o n a l  Cie-mal c y c l i c  loading. ?or such a c a s e ,  :he i n v e n t o r  s u g c e s t s  
t o  a r o v i l e  L3e s x t e r n a l  p rpe ,  and i f  necessa ry ,  :he i 3 z e r n a l  j i a e  w i t h  c o a x i a l  s l o t s .  
Th i s  may k e l ?  t o  redGce t h e  dangerous r a a i a i  zension. The s l o t s  a r e  staggered between =he 
i n t e r n a l  arid t h e  e x t z n a l  ?i?e aiamecer. The Zoints may ne welded n o m a l l y  or brazed 
n o m l l y  n a i n t a i n i a g  :%e width of =!e s l o t s .  Overlapping r inqs or e q a n c i n g  mandrels a r e  
provided for Lie naintanance of t h e  2 i p e  r z q i d i t y .  

The n e t a l l i c  j o i z i n g  of  c o a x i a l  p iges  with Salts o r  ?i?es by welding b r i n g s  

-_- -- _I_- 

a r o s t ,  O . ,  SChidae=t, P., G r O l l .  H., Zimme-an, P., Geeman (FRG) T a t e n t  no. 2,350,980/3, 
Nov. 18 ,  1976 ,  i n  r G e ~ a . .  

descr*ed which s h a l l  cuarantee t h a t  c o n t z o l  o f  tie o p e r a t i o n a l  ten?e?eratyre w i l l  be 
JossiSle w i t h  high aczu=ac::, ince?ende2t OD the d i r e c t i o n  o f  h e a t  t r a n s p o r t .  52 is 
c h a r a c t e r i z e d  by a connect inq sipe o r i g i - a t i n g  a t  t!!e pas r e se r - Jo i r ,  pas s inq  throuqh t3e 
chanber i.? a x i a l  d i r e c t i o n ,  a d  being p r m i d e d  wit3 openinqs i n  t h e  r m g e  of =he coo l ing  
as well as tke f ieat ing p i a e s .  I t  is of advantaqe t o  s rov ide  GT~ i n n e r  w a l l s  or' t h e  
connect ing ? i p e ,  as w e l l  a s  t be  gas  reservoit - d i t !  a capillsry . t r u c t u r e .  

For a h e a t  t r a n s f e r  faci l i t : r ,  a s o - c a l l e d  g a s - s t a b i l i z e 6  nea t  p i ? e ,  an improvement is 

9 1 7 8  10016 .UASSM L i X  ilZ'JELOPS YEW ?ECBNOLOGY 

Congr&q, G.Z., o i l  Gas J . ,  V 75:95-96, 101-102, 104, 109-111, NJ3,  Sov 2 1 ,  1977 
S i g n i f i c a t  developments and techniques used i n  Lye design and c o n s t r u c t i o n  of the 

Trans-Alaska ? i p e i i r . e  are  h i q b l i g h t e d .  Some of  these nethods w e = =  used t o  i n s u r e  
s t r u c t u a l  i n t e g r i t y  o f  t h e  ? i ? e l i n e  an6 its necessary su3porzinq + q u i p r e a t .  
ye re  desicned :o s m t e c t  both t?ie r r g e l i n e  and the Alaskan frontier envrzonnent and i t s  
i n k b i t a n t s .  S p e c i i l  cons i5e rac ions  were g i v e 2  TO h e a t  ?;pes t o  n a l n t a i n  ; s - q a f r o s t  i: a 
s t ~ l e  c o n d i t i c n ,  ca thod ic  2 r o t e c t i o n  t o  ?:ev%nt t o r r o s i o n .  ana i n s t a l l a t i o n  of Taco and 
ckecic v a l v e s  f o r  a s s u r i n g  zi7e opeza t ing  l n t e u r i t y  ana .=:OF t c t i o n  of  n a t - r s l  zesour=es and 
=;lo envizonmer! t . 
3 x a  40017 x LX?G-JCU.Z HEXT SXCXANGZ~ :wni P O L V ~ ~ A U Z  OXFIGUUTZD HEAT P I X   ITS 

Others  

.. Xoizumi, T . ,  Puruya, S . ,  :<atsumoto, X., Xarawawa, K., i?u= ,kawa Electric Co. , L t d . ,  Tokyo,  
j a p a n ) ,  3rd I n t .  Heat ?:?e Conf. Tech. l a g e r s ,  Palo X t o ,  :A. 2.  76-79,  Xay 22-24, 1978, 
AI&\, Inc . ,  Y e w  ?ark, XY, A78-35588 . 
Avail  : Ai&I 

?reposed f o r  h e a t  recover? s y s t e n  w i C 2  larqe gas :Low r a t e .  The 1encLT of a ? e a t  I i?e is 
, r o s t= ic t sd  by t h e  ,traximm h e a t  t z a n s f e r  lisit and the l izi i t  of f a b r i c a t i o n ,  and Lkersfora ,  
t h e  he iqh tPd i&th  r a t i o  of L-ie f ace  area becomes ,&?balanced i f  t h e  h e a t  ? i p e s  a r e  
azranged i n  t r a d i t i o n a l  r ec t angu la r  prism conf igu ra t i cn .  %is makes t h e  F z s t a l l a t F o n  
sTaco unfavorably i a r q e  an6 ,L?s;mTt.,t=ical, and then Ccc=rnq work also becsmes nuch zore 
C i f f i c u l t .  n e  ?roble= can be  r e so lved  b y  i n t r c d u c l z a  a novel a r r i n q e z e n t  of h e a t  ?i?e 
e l e n e n t s  i n  ?olygonai  conf igu ra t ion .  This  ?a;er l e s c r i b e s  o u t l i n e  o f  t!!e l a r g e  h e a t  
excizanger, sone d e s i p  exampies aqd e-@ezixencal r e s u l t s  of d zode l  n e a t  axc.ianger w i = h  
zexagonal ly  conf ign ra red  h e a t  ?rge u n i t s .  

R l a r g e - s c a l e  Zea t  exchknqer wit3 polyqonall:? s = n Z i g r a t e d  h e a t  ?i?e .=its is  

. 



40022/41007 

HP78 40020 H I Q  TE.XPERATURE SEAT PIPES FOR TER!!ST-SI.UI APPLiCXTIONS 

Ranken, W.X., Lmdberg,  L.9., (Univ. of C a l i f o r n i a ,  Los hlamos. XM), 3rd i n t .  i ieat  Pipe 
Conf. Tech. ?acers, ?ala Al to ,  2, p. 283-291, ?lay 22-24, 1978, X i A A ,  Inc . ,  N e w  'fork, Ny 
A78-356 15 
Avai l  : A i d A  

A high- tenperaeJre  h e a t  p ige  des ign  is descr ibed  i n  which ceramic tub ing  is used t o  
provide t!!e b a s i c  s t z u c t u r e  and containment. The i n c e r i o r  wall of t h i s  tr?Si;;g is l i n e d  
wi th  a chemical ly  vapor eepos i t ed  n e t a l l i c  l aye r  t o  ? r o t a x  t h e  cer=.?cic fzom the  t h e  a l k a l i  
netal  srorlciig f l u i d  m d  f a r x s h  a d i s t r i b u t i v e  x i c k i n g  sn r face .  Yigh remaerature  brazes  
and c e r a s i c  bonding agen t s  are used t o  seal  tihe asse-zbly. The r e s u l t s  o f  a ?mgrarn t o  
develop such a u?it f o r  a p p l i c a t i o n  to hrgh t enpe ra tu re  r ecupe ra to r s  a r e  d i scussed  and 
p o t e n t i a l  a g p i i c a t i o n s  to c o a l  conversron and c o a l  u t i l i z a t i o n  systems are reviewed. 

8 3 7 8  4 0 0 2 1  MJLTI-CSAXBER CONTX0OLLXBL.E HEAT PIPS 

Shlos inge r ,  X.P., (XXSA, Xnss, X c f f a t t  F i e l d ,  a), US Pa ten t  ao. 3,543,839, 8 ? . #  1969, 
N7 8- 17 3 3 7/4SL 
Avai1:Patent Of f i ce  

A t e 5 p e r a t u r s  c o n t z o l l a b l e  h e a t  ?iae swi tch ing  device  i s  repor ted .  It  inc ludes  
s e p a r a t e  evapora t ing  urd condensing chambers incerconnected by s e p a r a t e  vapor flow and 
l i q u i d  r e t u r n  ccndu i t s .  TSe vapor flow condui t  can be opened o r  c losed  Zo *&e flow o f  
vapor ,  whereas t h e  l q u i d  zeturr!  condui t  blocks vapor  flow st a l l  t ines.  Xhen t h e  vapor 
Elow aatS is open, t!!e device  has high thermal c s n d u c t i v i t g ,  and when t h e  vagor flow p t h  
is blocked,  the device  has  low themzl conduc t iv i ty .  

.H?78 40022 HZAT ?IPS W I T H  DUAL WORKIXG .ZUI3S 

Sh los inge r ,  X.?. , (NASA, .Ames, K o f f e t t  F i e l d ,  C X )  , Paten', suaersedes  ?AT--POL-42 0 8 8 - 7 0 ,  
6 ?., 1970, Y79-17336/65L 
Avai i :?a t+nt  O f f i c e ,  S O  .50 

X h e a t  p ipe  des ign  i s  o f f e r e d  t h a t  u t i l i z e s  an a u x i l i a r y  workin? f l x i d .  Tho f l c i d ,  
a l though be ing  less e f f i c i e n t  than  the  main working f l u i d ,  remains l i q u i d  a t  l o w  h e a t  
l oads  when t h e  s a i n  working f l u i d  f reezes .  

IV. 9. xicxs 

YP78 41006 COEPLEX INVESTIGATION OF CEWEWCTERISTZCS &VI3 PROCESSES I N  .ARTEi(V-G;IOG ED SEAT 
*. PIJES 

Chaikovski i ,  V . ,  Smir2ov, G . ,  Surdo,  O . ,  Smirnova, J . ,  Ia roshevlch ,  I . ,  (Odessa - 
Technoiogrcal  I n s t i t u t e  of Food Indus t ry ,  Odessa, Ukrainian 55.2) , 3rd I i t .  i ieat  ? i ?e  Conf. 
Tech. Pagers ,  ?ala X l t 3 ,  G., ?. 425-133, r a y  2 1 - 2 4 ,  1978, XI-=, Iac., Yew Yorlc, XY 
A78-  356 35 
Avai l  : Ai .12  

The e f f e c t i v e  t!e-mal conduc t iv i ty  o f  grooved c a p i l l a r y  s t r u c t u r e s  of  t r i a n g u l a r  and 
r e c t a n g u l a r  shapes u i c i i n  Lhe range of l iqu id-?hase /meta l  the-mal c o n d u c t i v i t i e s  from 0.1 
t o  9 .001  has  heen i n v e s t i g a t e d  vii , i  zhe he lp  of  t h e  e leccro the-mal  a n a l o g  nethod. TSe 
deependences f o r  c a i c - i i a t i n g  the  effect i : re  conacct i -J i ty  of such strxt,;l'es ,=der t h e  
cond i t ions  o f  evapora t ion  and condensat ion have been obta ined .  The t h e r n a l  node1 w a s  
based on t h e  Supe-Tosi t ion p r i n c i g i e  o f  se?arate 5e-qa i  r e s i scances .  The s s t i n a t e d  
va lues  azo i n  good agreement -ai57 e-er iaenta l  d a t a  obta ined  for a flat :tea= ? ipe .  ??.e 
results ? e - b t t e d  o p t k n i t a t i o n  a ?  Lie 2arameters of  cool iny  systems wit:? h e a t  p i?es .  

. 
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41011 /42004  

RP78 41008 STCDY OF THS EFFECTIVE TX&R".IAL CONDUCTIVIT? OF .WTALLOFIBXOUS iJIC?;S OF LOW- 
TEXPE2ATL'PE BEST 2ITES 

Se.mina, L G . ,  Zaripov, V . K . ,  Inzh. F i z .  Zh., V 33:253-262, 1977 
N o  a b s t r a c t  a v a i l a b l e  

8P78 41009 APPOXOXIVATS =?HOD FOR C.XLCULATI?JG T.S BEAT-TEWUSFER AGZXT FLOWRATE TS2OUGB X 
P L L ? ? - I A X U L Z L  ?C)ROCS ilEXT-PI?E X I C X  

Scherbakov, V.X. ,  Senena, X.G. , Shariyevskiy,  I .G., !Kiev Polytech. I n s t . ,  Ukrainian S S 2 )  , 
S c a t  Transfer Sov. R e s .  , V 9:114-119, N2, 3 r e f s ,  n a r z h - A p r i l  1977 

&-I approx iaa t e  rne-bod fsr deterziiisinq Lye f lowra te  of  t he  h e a t  t r a n s f e r  aqen t  throuqh 
a plane-paralLe1 s o r m s  hear  p i a e  wrcjc is analyzed. The r aze  o f  h e a t  tzansr 'er  aqen t  
abso r3 t ion  on t h e  wick s u r f a c e  is  t e t e d n e d  by s e t h o d s  of p r a s s u r e  *mlier p r e s s u r e .  

2P78  41010 APPROXI.YATS n X O R Y  OF HEAT TPAXSFEX OF LIQUIDS BOILIXG ON SURFACES COmRED 
W I T S  C;VX'LLXtY PQP.OL'S STRUCTURSS 

Smi-mov, G. ,  (Odessa Tech. i n s t .  of R e f r i q e r a t i n g  Ind., Ukrainian S S X )  , Tep loene rge t ika ,  
9. 77-50, 39, 11 r e f s ,  S e p t .  1977, I n  Xussran 

f i x e d  t o  a wall 1s cans ide red .  Such s t r x z u r e s  are u t z l i z e d  i n  S e a t  S i a e s  of 5iffe:ent 
des igns  : vapor LiamSezs and s p e c i a i  n e a t  exchangers.  

The nechanisms of h e a t  t r a n s f e r  of  l i q u i d s  ao~linq i n  cap i l l a ry -porous  s t r u c t u r = s  

8078 41011 HEAT TXXVSFEX XT LIQUID E W O R A T I O N  ?XOM WICXS CAPIiihRY STRUCTL'RE OF LOW 
TEXPEaTEIZ IIZXT .?IPS 

T a l u b i c s k i i ,  V . I . ,  Antonenko, V.X., Os t rovsk i r ,  I.:;., Shevch;lk, E.N., ( U a d e m i r a  Xauk 
Ckrainskoi  ssa, I n s t i t u t  Tekhnicheskoi Teplofi::k:, Kiev, Ukrainian SS;O , 3rd I n t .  S e a t  
P i p e  Conf. Tech. ? a c e s ,  Palo A l t o ,  CX,  p.  140-146, May 22-24, 1978,  A1A.X. Lnc., Yew York, 
SY, X79-35396 
Avail  : A Z A i  

No a b s t r a c t  a v a i l a S l e  

H173 12C03 EELIa I ' I , ITV OF LOW-CDST L I Q U I D  X??.U BEXZ 11'5s 

. 

. 



BP78 42005  COMPATIJZLTT’I TESTS OF ‘JA.?.IOljS XWT OITE XORKiNG FLUIDS .LUD STRUCTUXAL 
*XA?EUXS A? DIIFEXEXT TE:4DSR4?URES 

Xuenzel, X.D., (Stuttgart Universicaet ,  Stuttgart, U. Gernany), ?rd I n t .  “eat ?i?e 
Tech. ?ape:s, Palo a i t o ,  CX, p. 96-101, > u y  2 2 - 2 4 ,  1978, AIXL, Inc. ,  :Jew Vork, YY, 
X 7 8 - 3 5 5 9 1  
Avail  : A I . U  . Wo abstract a v a i l a b l e  

42005 
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V, TESTING AND OPERATION 

HP78 50016 TEST REPORT ,PO2 HE?P/LDEF AXIALLY GROOVED HEAT P l ? E  

(9  h i( Engng., Inc. ,  Towson, MD), (NASA, Ames, X o f f e t t  F i e l d ,  CAI, XASA c o n t r a c t  no. 
SS2-9613, 3R042-1011,  9 ?., June 1978 
Avail  : TAC 

w 1 - d  a s t a i n l e s s  s t e e l  axiall:i grooved liquid :rap i i o d e  h e a t  ?i?e. The  n e a t  p ipe  
c o n f i g u r a t i o n  vas  d e s i s n e c  tor  a o s s l b l e  app1;cation i n  t h e  SE??/L3Er" l o w  temperature h e a t  
p i p  exaeriment.  Ethane was used as t h e  working f i u r d  for nominal o p e r a t i o n  a t  180 IC. 
S t a r t - u p  and recovery benavror Yas sbse rvec ,  as w e l l  a s  L%e ce=e-mini t ion  of fordard  3ode 
t r a n s z o e  and r eve r se  node shutdown c.'a:acterist:cs. Tests were a l s o  conducted a t  150 :i. 

This  r e p o r t  ? r e s e n t s  a s m a q  of t S c m a l  p e r f o n a n c e  t es t  results t h a t  w e r e  ob ta ined  

HP78 50017 SUMXARY REPORT FOR AN INVERTED ARTERY SEAT PI12 

(B b X Engng., Inc . ,  Towson, YD), (K iSA,  L e w i s ,  Clevelacd ,  O H ) ,  P . O .  no. C-6628-0, 
3KO43-1001, 19 p., A p r i l  1978 
Avai l  :TAC 

heat a i p e  t h a t  was designed by Y M X  L a w i s  3es.sarch C in te r .  TSe t e a t  ?i>e c o n t a i n s  ar;nc 
i n v e r t e d  channels  as  =be grimar-1 wick ana uciLizes sczew t h r e a d  grooves f o r  c i z c i l m f t r e n t i a l  
d i s t r i b u t i o n  of the  l i q u i d .  A s e r i e s  of  t e s t s  were run t o  d e t e m n e  t h e  t r a n s p o r t  
c a p a b i l i t y  of t h e  heax ?;?e a t  va r ious  e l eva t ions .  Lesu l t s  a r e  also ? resen ted  which snow 
t!?e reduczion i n  heac t r a n s g o r t  c a p a b i l i t y  when mn-condensable  qas is  a r e s e n t  i n  Lie h e a t  
p i p s .  

This  r e p o r t  ? r e s e n t s  t he  Lheore t i ca l  ana lys i s  and t e s t  r e s u l t s  for an i n v e r t e d  artez-1 

9378 50013 7LZXI3LE C3YOGZ:JiC HZA? PIPE DEVEZO?.%NT P?.0G2A.Yr ? i n a l  3epor t  

(Rockwe11 I n t .  Cor?., Downey, C X ,  Ssace D i v . ) ,  J u l y ,  1955 
Avail:?iTIS 

X h e a t  ?i?e was i e s igned  f o r  o p e r a t i o n  i n  the 100 t o  200 K t e r q e r a t u r e  range with 
naxinun h e a t  t r ansporz  a s  a arznary t e s i q n  goal.  .Another designed f o r  o p e r a a o n  i n  t h e  15 
t o  100  R t empera ture  range w i ~ h  na-uimrua f l e x b i l i q  a s  a des ign  goa l .  Optizun Zeonetry 
and m a t e r i a l s  t o r  =!e c o n t a i n e r  ana v i ck ing  systsms were de te -mned .  TSe hiqh ?owe= (100 
t o  200 ic) h e a t  p i ? e  vas t e s t e d  -dit.' nethane a t  100 C-o 1-10 K, and t s t  d a t a  i n d i c a t e d  only  
p a r t i a l  p r i n i z g  r i t n  a p e r f o s a n c e  l i i n i t  of l e s s  t\an 30 ? e r c e n t  of z!!eoretical. A s e r z t s  
of tests were conducted wit!! ammonia a t  approximately 230 K :a d e t e d n e  the p e r f o n a n c e  
under vary inq  f l u i d  charge and t e s t  m n d i t i o n s .  The low t e z p e r a t x r e  h e a t  p ipe  xas  t e s t e &  
wi th  ojclqen a t  35 t o  95 I and with rcet:lk?ol a t  295 t3 315 I. ? e r f a n a n c e  of  ',e l o w  - 
ternperatare hear  ?ipe xas below t S e o r e r i c a 1  p r s d i c t i o n s .  3esu lz s  of the completed c e s t i n g  
a r o  ? r e s e n t e a  ~ 7 d  p o s s i b l e  p e t 5 o n a n c e  LimitatLon zechanisns  a r e  2rscr;ssad. The lower- 
than-e.xpected ?e rEonance  w a s  f e l t  t o  ne due t3 snail  t r a c e s  of non-condensable gases  
which ?revenLee t h e  composite wick f=sm ?r iming .  

XP78 30019 BEAT ?I?E -YATZXZI;LtS COlu9ATTI3iSITY 2F-YDED =?OR? 

X?toni;lk. 0. , Luedce,  E . ,  (TM, Redondo Seach, C A I ,  (NASA, Lev i s ,  Cleve land ,  O H ) ,  TIlW 
sales no .  31132.00, NASA Contracz no. NAS 3-21872, Dee. 1977 
Avai l  :TXC 

The se-r.6 ?base of  an e x p e a z e n t a l  proqrm t h a t  l a s t a d  32 Zont:?s t o  eva lua te  
non-condensable gas Tenera t ion  i n  kmonia  heat  ?i=es has been ccnpleted by T W  k f z n s e  and 
Space  Systarns soup. ? o r c y - y ~ o  h e a t  p ipes  xade of  a l z . . z m ,  sta;:less scee l ,  0: 
conb ina t ions  of  -,icse na:erials were ope ra t ed  st iifferont t enpeza t iues  ana Lengths 0 5  
t ine ,  ana t e s t e d  a t  t empera ta ras  ra?qinq from -30 C t3  10 C tz q u a n t i t a t i v e l y  d e t e r n i n e  
gas : enera t ion  zazes. In o r d e r  of  inc reas ing  s = & i l i t y  s l * ~ n i n u F . i s i a i n l e s s  sceo-1 
combinatron, a l ; - a l . n n u n  and a l l - s t a i n l e s s  steel SOl*mI=-Cleaned hea t  ?iaes. I t  is 
concluded %%at so lven t - c l ean ing  f o r  both a l l - a i d n u n  and a l l - s t a i n l e s s  s t e e l  h e a t  ?i;es 
y i e l C s  lower long- t e -7  $as ;e.-.eration =.'an cbenucal c l ean ing .  
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simultaneously i r r a d i a t e d  w i t ? ?  a l a s e r  beam o f  LOO0 vatts/cm2 over a 7 . 3  c d  a r e a .  
on t!!e n i r r o r  s u r f a c e  i n d i c a t e  t h a t  hea t  ? i p e  ni:rors a r e  t h e  n o s t  F r a c t i c a l  for  hiqh 
power l a s e r  a p p l i c a t i o n s .  

ChanSes 

3?73 50021 

3assa.?i, C . ,  Loens, J., (Zxra ton  and Ccnitato 9azionale  J e r  L ’ E z e r j i a  ::utLea:e Csztzo 
Cszu-.e li 3ice:cke. i s a r a ,  ZtaL:f), 3rd :nt .  :iea= ?i,-e Conf. Tech. ?s;ezs,  ? a i 0  Ai to ,  CX, 
7 .  1 6 2 - 1 6 6 ,  yay 2 2 - 2 ; ,  1378, XI.LA, i.?c., :Jew ?9rk, NY, X73-35559 
X-,.ai i : X I  2 

h e a t  ?i?e ZSerz.ostz=s. 
of a ‘:$iter b u f f e r  $as.  
a i l cws  Zo s a i n t a i n  tozi7erature s t z b i l i t y  t o  x i t ? i i z  f 0 . 3 0 1  C/day a t  =n o c e r a t i n c  
t e rge ra tu ra ,  of 1S0 t. 
irn9urit’j eZZccts the t h e r z o s t a t i c  zone was ? laced  a t  :5= f a r  s i &  of  :?,e hsatinc zone :<its 
rtszec: t3 t!!e gzs S u f f e r ,  a p i r q i n q  va lve  was inco r2ora t sd  for elininat-nq any acc*inoiated 
cjas i n  tSc t h e r n o s t a t i c  :one, and an a u x - l i a r y  candenser wzs provided I c r  r i z s i n g  
con t i zuous lg  t k e  s u r f a c e  of t?,? t k e r y o s t z t i c  c k a k e r  xi=:? i r e s h  condensa te .  
d i f f e r e n c e s  a i cng  C,e a x i s  of t h e  h e a t  ? i p e  wero xessured  v i t h  an inproved ?robe techni;*Je 
ysith a s e n s i ’ i v i y  of  0 . 0 0 0 0 5  C .  The iir-- zez.~~==~.e::ts confirrec’,  t he  s: i istar.ce cf :*xo 
temperatuza ? l a t e a u s  O Z  d i z f e r e n t  levels a t  bo t3  s i d e s  of t?ie h e s t i n s  z0r.e. 
t e z p e r a t u r s  ioncqenzit:: 3 f  Lie cheernostatic zone 60 cm long was i n  gefieral  of =ne o r t e r  of 
9 . 0 0 1 .  

??ZCZS;ON T Z X P Z X A ~ C X  CCX’XOIOL WITS $AS -3UTPSxED XATER H E X  ?I?SS 

s.. cuc:es . - .  a:e zo>or t ed  on t h 5  i n ? r o m a a n t  c l  the  t a n s e r a t z r e  control of ;as-buffezec 
? r e v i o n s l y  9,bsez-red 2 r e s s u r e  f luczuac iozs  iisze e l i m i n a t 2 d  by z se  

hn a u t m a t - c  a r a s s u r e  con:rol sys=an xas 5eveloped, which 

X new : h e m o s t a t i c  h e a t  ?;;e vas built t o  :sduce gas sei--' -.,5z and 

Tec?eza tare  

T k e  

TSe b e s t  ob ta ined  tempera ture  homogeneity w a s  0 . 0 0 0 2  C.  

1P70 SO022 INTEXSZTY OF S E A T  TXXVSIE3 AT TXE B O I L I N G  SELTION Or“ EVAPORATI’VT TXEX4OSIPYONS 

3ezroL?yi,  Y . K . ,  Al$:cscsnko, D . V . ,  (Kiev ?olytech.  I n s t . ,  Ukrainian SSR) , Teploenerqe t ika ,  
p. 33-a5, N7, 1 6  r e f s ,  J u l y  1977 ,  I n  Rcssian 

l i q u i d s  i n  c losed  ?io-phase careless he== p i p e s  (the-nosiphons) , dependinq on t h e i r  
~ e ~ m e t r i r z l  dinensrons, tie tyge  of Lie workizq  f l i l i d ,  an6 ;resscre i n  t h e  i n n e r  c a v i t g .  

, The s.x?eriinents are c a r r i e d  o u t  cn wa te r ,  echanoi,  s e t h a n o l ,  ireor. 11, and Creon 113. As 
I r e s u l t  o f  t i e  i n v e s t i g a t i o n  an?. g e n e r a l i z a t i o n  3f e - e r i s e n t s l  d a t a ,  s g e c i f i c  Jeaturss 
of h e a t  transfer o f  b o i l i n q  l i q u i b  in the thecnosi;nons , compared w i t h  :he cor res?oncing  
d a t a  f o r  large-vo1iur.e c o n d i t i c n s  , a r e  r evea led .  

Xesul t s  a r e  ?resenzed. of  an ex?eri:enc,al i n v e s t i y a t i o n  of k a t  t r a r . s f e r  of b o i l i n g  

HP78 sa023 iIEhT OITSS FOR I.’LPROVING TXE TZIX?ERATCX HOMOGZNEITY I N  IUZVACCS - 
a. - S r o s t ,  O . ,  Neuer, G., Sre.~st.-;Jae-~e-:i=a,Pt, V 2 9 : 4 4 4 - 4 1 9 ,  N U ,  Y O v .  1977,  I n  Gernan 

Seat ?i-,es a r e  o u t s t s n d i n g l y  s u i t a b l e  C-o 2rocuce a homoqeneous tec>erat*L-e - 
Z i s t r i b u t i o n  on s u r f a c e  2nd i n  hollow s-paczs. I n  ? a r t i c u l a r ,  i n  tSe t e a q e r a = x e  ranqe 
between 3 0 0  and 1100 2 ,  m n y  advantaqes can be obtzicec! and naxizun t c a p e r a t x r e  d i f f e r e n c e s  
of Less t h ~ ?  one  x, even over l a r q e  a r e a s ,  can be xlainta-ned without d i Z Z i c u l t i e s .  The 
a r t i c l e  z e ? o r t s  gn the 3L?ctioninq, the giroauction, as ’deli as t he  o p e r s t i o n a l  5ehavior of 
t h e  tes t  sanplas. Some ?ossibie  appl icat i .ons and examples of i n s t a i l a t i c n s  l o r  biqh 
t e n p e r a t a r e  fu rnaces  a r e  descr ibed .  

. 
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Low-cost s t a i n l e s s  s t e e l  h e a t  p i aes  conta in ing  s o d i m  o r  g o t a s s i , m  working fluids 
have been proven to have long- t e rn  r e l a b i l i t y .  Seat ?i?es f a b r i c a t e d  frcm 304 s t a i n l e s s  
s teel  sri th wicks  of *he same mate r i a l  have eyniblted over  1 0 , 3 0 0  hours of r e l i a b l e  
ope ra t ion  a t  603 C ( a o t a s s r u d  and 700 C (sodiual ia m b i e n t  environnenzs.  ? e m u e r a t , ~ a  
s t a b i l i t y  w a s  n a i n t s i a s d  t o  wizhin 5 C ave r  i:?e ies: 3eziod .  Extensive x e t a l l u r g i c a l  
ana lyses  of i n n e r  and a u t e r  su=faces  of t i e  beat  3 i ?es  and of t k e  wiclcs have shown on iy  
maor anounts  of 3arezial  tzans?ort ana of l e a c h ~ n g  f r c n  Inne r  su r faces .  Exzeznal 
ox iZat ion  vas  n e g l i g ~ b i e  ar?C theze  x e r e  no indications of e l e c z r o l y t i c  corzosLon. The 
9e?th of i n z e r  our53ce a t t a c k  was oniy  0.OOi t o  0 . 5 0 3  m i n  th ickness  s f t o r  1 0 , 0 0 0  hou=s 
of  ope ra t ion .  ?son t h i s  i n f o r n a t i o n  l i f e t i n e s  in excess  of 5 0 , 0 0 0  hours can be z - e l i a b l y  
? red ic tad .  

XP78 50026 A PEACTIVE %AT PI?S ?OR COMBINED %ELAT GENERATIOEI  AVD TFiXVS?OXT 

Faecii, G.X., G r o f f ,  E . G . ,  You, 3 . 2 .  , Als tad t ,  R., (Pennsylvania  S t a t e  Univ., L 'nivezsi2l  
Park, PA) , Icenhower, D., (US Naval Y a t e r i a l  Command, David X. Taylor Xaval Ship Resezrch 
and Development Centa:, .Annasolis, !4D), 3rd i n t .  Seat ?i?e Conf. Tech. Pagers ,  Palo Alto, 
CX, a.  316-326, 4Iay 22-24, 1978, Ai&, Inc. ,  Xew York, NY, A 7 8 - 3 5 6 2 9  
Avail  : AIAA 

between nolte:: a l k a l i  xetals and haiogenaced gases ,  and tzansgor- ing t h e  e n e z q  to  a load  
by h e a t  piFe a c t i o n  is 2escr ibed .  Tke p r e s e n t  it:&? vas  l i . ~ t e d  to =Se 1i:Siun- 
s u l f u r S e x a Z a o r i d e  re-actant  co rb iaa t ion .  Seerrze?lts were cmduc ted  w h i c h  t e n o c s t r i t a d  
che ope ra t ion  05 a r e a c t i v e  h e a t  p ipe  a t  1200 K ,  scsca ined  h e a t  ::lues i n  =.e r m q e  0 ED 
300 k w i d ,  good f u e l  a t i l i z a t i o n  f o r  the reac:Lm, and r e f u e l i n g  ~ r o c e d u z e s .  
r e s u l t s  are also d e s c r i j e d  to i l l u s t r a t e  a s p e c t s  o f  syszon! operacion and l i z i t a x o n s  due 
to wick pmping capabili:Fes: l i q u i d  displacer;.ent ~ C Z O S S  Lye wick: and :kermal resistmces 
i n  t h e  wick, L!e vagoz t r s n s F o r t  .system, ar.d the condense=. 

The o p e r a t i o n  of a r e a c t i c e  :.eat 7i.e f o r  q e n e r a t i q  t?iernal ener71  fzom the  r e a c t i o n  

T h e o r e t i c a l  - ~_-__-. 

J P 7 S  3 0 0 2  7 E:iPERI:XE?ITS K T S  G?AVI?Y ASSISTSD SEAT ?I!?P-S W I T a  .UD WfTSVJT CI3CCU.L~E-3ZNTIAL 
GR0,OVES 

Tnldrnan, K.T.Zr, Xuyje, S., (Udir. of Xev ,&s-uco, Aljuquerque,  X > l ) ,  3rd I n t .  iieat 2 ipe  
Conf. Tech. Ozpezs, ?a10 A l t o ,  CAI 3. 15-20, >by 22-24, 1 9 7 8 ,  A I U ,  Snc., ?lev York, X, 
A78-35379 
Avai l  :XI&\ 

with and x i t h o u t  c i r c ~ ~ f e r a n t i a l  grooves are reco r t ad .  %eat transfar r a t s  and 
tem?ezarL-e q r a d i e n t s  xe re  m a s u r e d ,  so t h a t  hea t  'i?e conduczance ana s v a g c r t t m  and 
condenser  h e a t  t r a n s  fez c c e t ' i c i s n t s  were d e t e n i n e d .  Pe r f3mance  da ta  I s  zseful for 
fetsrrninincj t'.e i.Troved pe r fomance  of grooved neat  ? i p e s  conpared t o  wickless  h e a t  ?ises - 
o r  the-mosy?hons and s i x e  Lie added ccst of -iufac=urinq t i e  crooves is a s i g n i z i c a n t  
?ar t  of the c g s t  of c-Se h e a t  p ipe ,  e s o e c r a l l y  f o r  lonq ?i?es.  ?or a 91.4 cm long by 1.27 
cn 3D h e a t  p i a e  sri th 40 qrooves pe: cz, Lye .nax13~- thermal conCuctance >easursi was 2 2 . 7  
.d/c, and khe h e a t  trmsfsz coef ' ic ienxs ir: che e v a p o r s t o r  s.d condenser ueze 5 5 3 0  and 
11 ,900  w/m2 C.  
? ipe  wi thout  grooves ana on a +shape& copFer water hea t  ?i?e with grooves. 

The r e s u l t s  of a sezies of experinenzs on ?er fomanco of q r a v i t y - a s s i s t e d  hea t  ? ipes  

. - .  

zxpe r i zen t s  were a l s o  conducted on a y . 4  m x 3-18 cn (30 i ron-sa ts r  h e s t  

3278 50023 E.YPS3I:EJT.U 
? I?E 

THE EVA.POR\TOR OF x WATER XEAT 

._- '"73 30020 
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groups of nethano1 g i p e s :  one group shows no g a s .  One qroup of anmonia p ipes  has no 
obse rvab le  gas.  Another zroc:, has much gas.  Xanufactnzers ' a r o c s s s i n g  schedules  a r e  
axanined f o r  d i f f e z e n c s s  e x g l a i n i n g  %e ?resance of gas .  Heat t r a n s p o r t  c a p a c i t y  is 
found to  be s e v e r e l y  reduced i n  some p ipes  containing gas. 

icreej, 4., (Dor2ier  Systaa CXSH,  ' r i ed r i shsha fen ,  W. C*rrsany), :".olC, X., !St-Gt:yar+ 
U n i v e r s i t a e t ,  S t u z t g a r t ,  X. Gemany) , 3 r d  Ine.  Yeat 2 i p e  Conf. Tech. ?ape r s ,  Palo A l t o ,  CA, 
3. 203-210, Xay 22-24, 1978, ;JIM, Inc . ,  New Vork, NY, A78-35604 
Avail  :AI.= 

1 

So a b s t r a c t  a v a i l a b l e  

EP78 30032 F.IBRI~ATION .1vD TZST OF A VARl.aLE CONDUCTLYC? 3EXT PIPE 

Lehtinen,  A.M., (mckwell Znt. Corp.,  Downey, CA, Space Div.) , !iASh-CX-l56712, 3 x 5 - 2 4 1 7 1 ,  
F i a a l  Resort, 7 8  ?., 1 9 7 8 ,  X78-19413/3SL 

r e se rvo i r - condense r  m1.n.e r s t i o  of 10 and an axially Trooved a c t i o n  s e c t i o n .  T P , s t s  of  
t h e  heat  t zansporz  cagabili::i xe re  g r e a t e r  t h a n  or q u a l  EO the a n a l y t i c a i  p r e d i c t i o n s  for  
t5e no-gas .- case. ijhen g a s  was agded, t h e  ? i p e  perf;raancs de=radec by 19 ?ezcent a t  zero 
tiit a s  w a s  expeczaci. ?he alace.ne3t o f  :he r e se rvo i r  n e a t e r  a n d n e  t e s t  f i x t u r e  cooling 
f i n s  a r e  be l i eved  t o  nave caused a superheated vapor c o n d i t i o n  i n  t h e  r e s e r v o i r .  
Erroneously higS r e s e r v o i z  =e!?.?arature i a d i c a t i o n s  r e su lzed  from t h i s  cond i t ion .  The 
obsezved t eznpe ra txe  c r a d i e n t s  i n  t h e  r e s e r v o i r  lend. s u g p a r t  t o  t S i s  theory.  The :et 
r e s u l t  w a s  h ighe r  than ? r e d i c t e d  zesezvoiz  t a n p e r a t x e s  . Also, s i g n i z i c a n t  i n c r e a s e s  i n  
a x i m u 3  heac load  r t s u l t e d  f o r  c o n t r o l l e r  se t  ? o i n t  t e n p e r a t u r a s  h i g h e r  than 0 C.  At 30 C 
c o n t r o l  w i i i i n  t h e  t o l e r a n c e  3and was n a i n t a i n e d ,  but high r s s e z v o i r  h e a t e r  powez w a s  
r equ i r ed .  .Analyses showed. the: ==rn t r s l  i s  n o t  ?ossi_ile f 2 r  r e a s = ~ i S l y  ?zw i=sez-;ciz 
%eater ?over.  This is supported by the obse rva t ion  of a s i g n i f i c a n t  :sse:-?oir hea t  i eak  
through t h e  condenser.  

A v a r i a b l e  conduczance h e a t  p ipe  (VC-iP) w i t 5  f e e a a c k  c o n t r o l  was f a b r i c a t e d  wit!!  a 

9P78 50033 AUGXEXTIXG TSE CONDENSER BEAT TmVSFER PCSOR%WCE OF XOTATTING 4EAT PIPES 

Xarto,  ? .J., 'n 'aqenseil, L.L., (US :lava1 iJostgraduate School, !4onterey, C X )  , 3rd I n t .  Xeat 
?:?e Conf. Tech. ?ape re ,  ?slo A l t o ,  CA, p. 147-154, .Yay 22-24, 1978,  XIXA, I x . ,  Y e w  York, 
?JY, A78-35397 
Avail  : AIiU 

X r o t a t i n g  h e a t  piTe assembly was t e s t e d  a t  r o t a t i o n a l  speeds o f  7 0 0 ,  1.100, and 7850  
G m  u s i i q  d i s t i l l e d  -dater as <:e workiriq El-dd.  Tests xere sade i u r i n g  f i l m  c m d e n s a t i o n  
01: s e v e r a l  copper condensers ,  i nc lud inq  snoot!-walled c y l i n d e r s  , an i n t e r n a l i y  f inned  
c y l i n d e r ,  and a t n m c a t a d  cone. The t r l rncated cone s u r f a c e  xas  a l so  2ronoted f o r  drop- 
w i s e  conCensation -si-c !?-oczadecgl mercaptan ia oc tano ic  a c i d .  Yeat t r s n s f t r  pe r fomance  
ir??:ovei with i n c r e a s i n q  rotational speed. The r n t e r x a l l y  Sinned c y l i a d e r  and t h e  
tr*mcatsd cone showed a 13 0 j e r c e n t  iaprovenent  over  t h e  s q u i v a i e n t  smooth-wailed c y l i n d e r .  
3ropwise condensat ian showed s u b s t a n t i a l  improvement mer  f i l m  condensat ion,  ? r i m a r r l y  a t  
low r o t a t i o n a l  speeds. 

9.78 35034 BF.EX-2,WAY OF A LIQUID 3Y A GAS ST-?.E&V AT .t'l -1XTSLEACS C O N T X N I X G  X G X I 3  

Xateev, V.X., Fil i ' Jpov,  V . N . ,  DyuzSev, V.I., Okhapkin, E.V., J. fngnq. Physics ,  V 33:1008- 
1012, N 3 ,  3 r e f s ,  Sspt. 1977 

I t  is shown that  in a system c o n s i s t i n g  o f a g a s  s=rean,  a l i q u i d ,  and a grid. 
breakaway o f  a 5rqu of  l i q u i d  5.1 the gas st:ezx OC=*J:S when tfie bits m a e r  :he g a d  is 
f ' i l i y  Z i l l e d  wi=h l i q u i d  ma 50th a 2 o s i t i v e  gtessu:? g r a d i e n t  ma an excess  a t  l i q u i d  
?Lre p r a s e n t .  I n  a d d i t i o n ,  t h i s  ?ape= de te rn ines  t!!e c h a r a c t e r i s t i c  di.mensions a t  which 
5ro-j breakaway w i l l  be3in f o r  a qiven s a s  veloci?y. 
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8378 50036 STUDY OF THE G&S D Y X M C S  O F  T U R B L ? X T  STSAX ?LOW THROUGX HEAT PIPES 

Mkhsilov, V.S. ,  Kzagivin,  X.X., ays t rov ,  P . I . ,  ?okjndiuk,  G . I . ,  ( D ~ e ? r o p e t r o v t k i i  
I n s t i t u t  Snzkenerov the le tnodorozhnogo Trmscorta, Dne?rogetrovsk, Ukra in ian  S S R )  , 
1 n s h e n e r n o - F i z i c ~ e s k ; i  Z k u r i a i ,  V 3 4 : 1 3 7 - 2 0 1 ,  Teb. 1373, Zn 2r;ssran 

The e.qerinents d e s c z r j e d  were c a r r r e d  o u t  w i t h  a 15.5-m-bian c o n s i s t i n g  of a 
~ non-permeable ( a d i a b a t i c )  s e c t i o n  and =:io 7 e r f o r a t e d  s e c z i o n s ,  W r L t  Slowing a p ? l i e d  t o  the 

evapora t ion  s e c t i o n  a c c  s u c ~ i o r .  a?gLied t3 the condensarion s e c t i o n .  3 e  ob?eczrve xas t o  ' d e t e r n i n e  t h e  combined i n f l c e n c e  3: :.'.e t h r e e  s e c t i o n s  ana t o  t e z i v e  zcre ac=u:ste. 
equa t ions  for LTe hyd:aul:c 2esi-T of k e a t  3rsa *:a?or ckanne l s .  Data obta ined f o r  ;.arious 
s e c t i o n  l eng tSs  o v e r  a w l C e  :anqe of Seynolcs n txze r s  showed =hat t h e  3 2 s  dynamics of the 
flow i n  t h e  eva9oraz ion  and condensa t ion  s e c t i o n s  Ce?ents on the r a d i a l  3eynolds n u i i e r ,  
t h e  r e l a t i v e  s e c t i o n  leagc.5, and the Ciannei  a o r o s i t y .  The d a t a  a r e  diaqramzed and 
analyzed. 

EP78 50037 ELZCTRON D R I F T  VELOCITIES I N  .XERCURY, SODIUX, AND TRALLIUX VAPOR5 

Nakamura, Y . ,  L u c a s ,  J. ,  (Cegt. of  Zlectrical  Engnq. and E l e c t r o n i c s ,  Univ. of LiVerPOOl, 
Liveqool,  Eng land) ,  J .  ?hys. 3., a, V 2:325-335, !T3, L 3 7 8  

v e l o c i t y  i n  mercury 32s been zeasurgd  a s  a Zznczron of Trasor ? r e s i x r e  5r 7 * LO-L3 + Z/Y 
+ 1.4 - 10-16 (units of v c&) and shows good acreemen+ XLL? >xcC';tc.ien ( : ? s a ) .  T h e  ?rift 
v e l o c i t i e s  i n  s o + m  and c s . ~ i q  have been r easu reo  f o r  t>e f i r s t  t i n e  f o r  3 * ~3-i' 
+ E/N + 5 LO'10 and 1 .7  , 10'" + E/?J  3 . 3  - rasgec:lveiy. The sodium 
v e l o c i t i e s  show a ? r e s s u r e  te?endenci a t F z i b u t e d  :a t t e  gresence  of dizers. 

A heat j i ?e  dzif: t -2e  has  been developed for :he f i r s t  tine and has  been used t o  
, measure e l ecz r?n  C z i 5 - t  v e l o c i t r e s  i.? aerc*cz-f, sodiua,  and t h a l l i L 7  *:ar;or. The *rift 

- 
8P78 5003 8 ?@hrOF_UXVCE EVALSATION OF GaVITY-ASSISTED C3?PSR NXTPR :%AT ?I?SS WITS 513UID 

OtzRFI r , ;  

Nguyen, C.R. , a n a t ,  X . ,  ( S t u t t g a r t  O n i v e r s i t a e f ,  S tu t t ;az+,  W .  G e F . & l y ) ,  3rd i n = .  S e a t  
Pipe Conf. Tech. Pagers ,  Palo A l t o ,  CX, 2 .  49-58,  Xay 2 2 - 2 4 ,  1 9 7 9 ,  AI:%, i nc . ,  !Jew Vork, 
NY, A 7 8 - 3 5 5 8 4  
Avail :AI= 

No a b s t r a c t  a v a i  .able 
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An exper imenta l  i n v e s t i g a t i o n  has been c a r r i e d  o u t  to s t d y  t h e  s f f e c t  o f  t he  we t t ing  
f l u i d  on t h e  per fornance  of an a d i a b a t i c  heaz pi?e  having water-cotton-wick mat r ix  i n  a 
copper con ta ine r .  I t  has been found t h a t  -&en t h e  we t t ing  f l u i d  charge i z c r e a s e s  beyond a 
c e r t a i n  l i m i t ,  r a p i d  decrease  i n  t h e  > e a t  transfe:  r a t a  occuzs.  For t he  hea t  p ipe  
i n v e s t i g a t e d ,  the Limiting water Content was about 2% t h e S  t h e  ninirn-m reqc ized  for t h e  
hea t  p i a e  2e r f s rnance .  ;t LS independent of che inclizat:on of :Se h e a t  p i ae  and t h e  
tempera ture  d i  f f e r ence  between t h e  evagora tor  and t h e  condenser. 

- HP78 30042 :EAT BIPE ?S.WOIL”IANCE CHA.WCTERISTICS :JITH “LGATIXG SCURCS TE.VEWTSX 

S r i v a s t a v a ,  R.X.,  S h a m a ,  B . X . .  ( B i z l a  I n s t .  of  Tech., x e s r a ,  I n d i a ) ,  :. I n s t .  Engng., 
Ind ia ,  Xech. Engng. Div. ,  V 53:226-228, .W5, 3 r e f s ,  .%rch 1978 

p a r t .  Cotton x ick  has been ssed a s  a n a t r i x  i r i t h  water  as  t i e  worlcing f l u i d .  The 
tempera ture  of t h e  h e a t  source w a s  vaz ied  wnrle the  t e n p e r a t a r e  of t!!e s ink  was Seld  
cons t an t .  I t  i s  concluded t h a t  ( 1 ) t h e  r a t e  o f  i zc rease  of h e a t  t r a n s f e r  by a h e a t  ? i p e ,  
a t  h ighe r  mass flow r a t e  of cool inq  w a t e r ,  is f a s t e r  than t b e  r a t e  of  i a c r e a s e  of t h e  
tempera ture  Gradien t :  ( 2 )  the  h e a t  p ipe  would n o t  cease  t o  aerforzi ,  a t  any i n c l i n a t i o n ,  
a rovided  t h e r e  i s  a reasonable tampera tz re  q rad ien t  w i th in  t h e  h e a t  p ipe .  

This  ?ape= ? r e s e n t s  the o p e r a t i z g  s 5 a r a c t e z i s t i c s  of  a h e a t  g i?e  wi th  a long a d i a b a t i c  

HT78 50043 SWDY O F  L I Q U I D  .XET?& JEAT PIPES CiAiuCTZRISTICS AT ST-UT-UP M D  OPERATION 
5XiDE;R GFiAVlTXTION 

T o l u b i n s k i i ,  V.I., Shevchul, E . X . ,  St m b r w s k i i ,  V . D . ,  (Xjcademiia Xauk ilkrainskoi S S X ,  
I n s t i t u t  Tekhnicheskoi T e ? l o f i z i k i ,  ?. ev ,  Ukrainian S S X )  , 3r9  In=. Beat ? i g e  Conf. Tech.  
Pa?ers,  Pa lo  a l t o ,  Cx, 2.  274-292, XE 22-24, 1978. A I U ,  I n c . ,  X e w  York, N Y ,  A78-35614 
Avai l  :Xi= 

of both  s t a r t - u p  and continuous ope ra r ion .  A n  ana lys i s  of dynamic c h a r a c t e r i s t i c s  is 
presen ted  in chzee s t a g e s  : ( 1) h e a t  i upp ly  t o  s t a r t -up  tempera ture ,  ( 2 )  escabliskmenc of 
s o n i c  f l o w  a t  t h e  evapora to t  e x i t  to  t!!e p o i n t  a t  which the vapor flow along the  e n t i r e  
L . ?  l eng th  can be cons idered  a s  a continclz. ,  and i 3 ) t h e  ?oint a t  which e t s r t - l ~ ?  
:em:ezature a lonq  t h e  xhole lengz!% j econes  a s t a t i o n a r y  ope ra t ing  t e n p e r a t a r e .  X t t e n t i s n  
is given to  t i e  e f f e c t s  of supe rhea t ing  and tem?erature S u l s a t i o n s  =hroughout t h e  aystsm. 

Temperatxre cSanyes i n  l i q u i d  ne .a1 h e a t  pumps (L.mP) a r s  e v a l c a t e d  7~7der zond i t ions  

XP78 3 0 0 4 4  IZIVESTIGATION O F  G ;-CONT2OOL%D CZiYGGENIC H U T  PIPES 

Vas i l ‘yev ,  5.i. , YIonev, S.V., ,uikov Heat and Uass Trans. Znst . ,  C‘SSR) , S e a t  T r a n s f e r  Sov. - 
Res., v 9:58-53, X t ,  1 r s f ,  P?ar 3-AprLl 1977 .. 

The pe r fo -mnce  of ?as-cor r o l l e d  c q o g e n i c  h e a t  3 iges  vas analyzed. advantages of ~ 

t he  ase of  a non-condensing gas i n  a c ryogenic  hest  :,&e equipced rit! an a e d i t i o n a i  

vary ing  m o u n t s  of  t h e  working f l u i d  a r e  obtained. 
. r e s e r v o i r  are shown. Ex?eriaen,al r e s u l t s  for a l iquid. n i t roqen  h e a t  p ipe  ernploying 

HP78 5 0 0 4 5  i?JVESTIG;ITION OF A CWOGZNIC THERMAL DIODE 

Williams, X . Z . ,  (XASX, .&nes, X o f f e t t  F i e l d ,  C X ) ,  2rd I n t .  Xeat Pipe Conf. Tech. Papers ,  
Oalo Al to ,  CX, ?. 177-133,  ?lay 22-24, 1 9 7 8 ,  XI-, Inc . ,  ?lev& ‘ lo rk ,  XY, A78-35601 
Avail  :A I .U  

i rar ious f l u i d  cSarges on the ae r fo raance  of  a 0.635-cx-diam iplZ3l-3ZtsZy, l i q u i d - t r a ?  
diode i n  both  t h e  foraarci and r eve r se  nodes. s p e c i f i c  -,arm.ezers such a s  fordard  ana 
reverse-mode conductances,  shutdown tines ana e n e q i e s  , zm?. recovery zo fordard-3ode 
o p e r a t i o n  a r e  e v a l u a t e 6  f a r  e thane  a s  a working f l u i d  i n  the t e n p e r a t x e  rznge 170 S t o  
220 K. Xesu l t s  l n c i c a t e  L!at :!% h e a t  ?i-,e xi11 n o t  r e l i a b l y  i = a I t  up in Lie f o m a r 9  zcce. 
However, start-L? can be  i n i t i a c e d  wkon ?receded by 9 3ioCs r e v e r s a l .  b l s o  zzncluded a== 
d a t a  which show :ke s u s c e p t i j i i i t g  o f  t h e  d iode  c3  f l u i r ’ ,  ckar;e ana til:. The optinum 
2 u i d  charge  Yaas found ;Q be 2 .57  q, and t:snsport ca?abilit;, a t  t h i s  c.iarqe w a s  i n  excess  
of : Z O O  w-cz. a t  200 I(. The  diode i n  :he revezse %ode exhibi ter!  a r ap id  skucdown (wi th in  
n i n e  mn) with  a sau=dcwn anergy of  1150 Z ( 9 . 3 2  s h )  . 

This  pager  d e s c r i b e s  a sezias o f  parametzic i n v e s t i q a t i o n s  t o  d e t e m i n e  the o f f e c t  of 

. 
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